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The present invention concerns the surface treatment of / I* 
aliaminum and, in particular, a process and a device for producing 
on the same a surface that is active with respect to polymers and 
for the permanent attachment of a protective coating consisting of 
an organic film-generating product. The invention likewise 
concerns the products thus obtained. 

Nxomerous methods have been proposed for the bonding of film- 
generating polymers to aluminum surfaces; but, in general, the bond 
between the polymer film and the aluminum has not been particularly 
satisfactory. One polymer that is particularly difficult to unite 
with aliominum is polytetraf luoroethylene (likewise known under the 
trade name "Teflon"). 

One method consists of interposing an intermediate finishing 
layer between the metallic surface and the polymer layer. This 
procedure requires a difficult manipulation of these material, is 
rather costly and does not assure a strongly adherent coating. One 
of the principal problems of those procedures where the bond has 
generally a physical character is due to the intrinsic nonadherence 
characteristics of the polytetraf luoroethylene . 

A process proposed in United States of America patent no. 
2,944,917 consists of forming anchoring cavities in the aluminijm 
surface, characterized by hollows produced by etching with an 
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average depth of less than 30 um. An aqueous dispersion of 
polytetraf luoroethylene is deposited on the surface in the form of 
a succession of elementary layers, each of the layers being dried 
and melted before the next layer is applied. This type of bond is 
mechanical in nature. 

In another process, described in United States of America 
patent no. 3,304,221, polytetraf luoroethylene is applied, in the 
form of a powder with particles measuring at least 75 um, to a 
substrate (one consisting for example of aliaminum) that has been 
roughened. A continuous film consisting of the same material is 
then superimposed at a temperature of at least 343 °C in order to 
form a stratified mechanically bonded structure. 

Generally, the utilization of anodized films designed to 
receive polymer coatings per the prior art requires the utilization 
of relatively thick oxide films (up to 0.025 mm or more) 
characterized by a relatively high degree of surface porosity. It 
has been indicated that in general those factors increasing the 
porosity of an anodic oxide film improve the adhesion of a paint or 
of an organic coating. To obtain the desired degree of porosity, 
relatively thick anodic films are produced, which require 
treatments of rather long duration and/or elevated current 
densities. These techniques are of little interest from an 
economic point of view, due to the cost of forming the thick oxide 
film and due to the fact that the oxide films thus obtained do not 



always exhibit good bonding characteristics with respect to the 
organic polymers generating the film. 

The effort has thus been made to develop a process for the 
anodic treatment of aliominiim surfaces in order to render them 
active with respect to a broad range of polymers, without the need 
to produce thick coatings of oxide. 

The invention has for its object an improved process for 
bonding a film-generating polymer to an aluminum surface, the 
result being an improved polymer-coated aluminiom product, 
characterized by increased bonding adhesion, particularly under 
environmental conditions that tend to attach unprotected aluminiom 
substrates, as well as a device capable of continuously coating 
aluminum products with an organic material that generates films. 

The invention will be better understood on reading the 
following description presented with reference to the attached 
drawings, in which: 

Figure 1 shows a schematic diagram of a series of stages for 
implementation of the invented process; 

Figure 2 is a simplified perspective view, partly sectioned, 
of a device per the invention corresponding to part of Fig. 1; 

Figure 3 shows a section through a vertical pane passing along 
line 3-3 in Fig. 2, where certain elements have been partially 
sectioned; 



Figure 4 is a simplified perspective view of another structure 
of that part of the device illustrated in Fig. 2; 

Figure 5 presents a section through one of the elements in 
Fig. 4, produced in a general way along plane 5-5 in Fig. 4; 

Figure 6 presents a simplified partial view of a lateral 
elevation illustrating the operation of the device according to 
Fig. 4; 

Figure 7 presents a simplified partial view in perspective, 
illustrating another variant of the invention; 12. 

Figure 8 is a graph showing that the thickness limit of the 
oxide (calculated in mm on the ordinate scale) is proportional to 
the current density (A = 0.54 A/dm^; B = 1.07 A/dm^; C = 1.61 A/dm^) 
entered on the scale of the abscissa, which represents the surface 
charge in A-mn/dm^ and that the oxide structure with activity 
relative to polymer is produced when the oxide film is dissolved; 

Figures 9 and 10 show semilogarithmic curves of the current 
density (A/dm^) on the ordinate, relative to the temperature C'C) on 
the abscissa, during the production of oxide structures relative to 
polymers, when use is made respectively of anodizing solutions 
constituted by sulfuric acid and phosphoric acid; 

Figure 11 is a graph of the relationship between the degree of 
corrosion (entered on the ordinate) and the percentage, entered on 
the abscissa) of the surface-defect rate of the treated aluminium 
surfaces . 
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In general terms, the invented process consists of the 
utilization of a suitable aluminum element, of submitting this 
element to an anodic electrolytic treatment in an aqueous anodizing 
electrolyte at a temperature previously determined to apply oxygen 
ions to the surface of the element, forming an oxide layer there 
with a predetermined thickness, of following the anodizing 
treatment with a current density previously determined to form this 
oxide layer over a time at least sufficient to obtain the 
determined thickness at the determined temperature and of 
dissolving this oxide layer in part during the anodic formation of 
the oxide in order to produce an oxide surface active with respect 
to polymers, and then of the application of a polymeric organic 
material that generates films on the surface treated. 

To obtain optimal results, it is preferred that the anodic 
treatment be carried out over a time interval at least sufficient 
to produce an oxide layer having a limiting or maximal thickness 
determined by the selected current density and the temperature of 
the electrolyte, the thickness limit of the layer being dependent 
upon the ratio of the selected current density to the minimal 
current enabling the formation of the oxide layer. The thickness 
limit of the layer for a particular current density is obtained by 
equilibrium between the rate of formation and the dissolution /A 
rate of the oxide layer rendering the oxide surface active with 
respect to polymers. Thus, when the previously selected current 
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density is greater than the minimal current density, the ratio of 
the thickness limits for the two current densities will be greater 
than 1 . 

The thickness limit of the layer for a particular current 
density varies with the electrolyte and the operating conditions 
and, in particular, with the temperature acting upon the rate of 
dissolution. 

One advantage of the invented process for obtaining oxide 
layers active with respect to polymers is that the thick porous 
layers of oxide are of no use for producing the bond between a 
film-generating polymer and an aluminum surface, even though it is 
possible to utilize such thick layers of oxide. The layer of oxide 
active relative to polymers can have a very slight thickness of, 
for example, less than 6.35 urn or even less than 2.54 ym, or 
preferably of at most 0.76 lom, permitting a very strong bond with 
the polymer applied. For very thin layers of oxide yielding good 
results, it is possible to utilize anodic treatments of very short 
duration, which constitutes the economic advantage of the process 
according to the invention. 

The oxide remaining on the surface, which is active or 
receptive with respect to polymers, is characterized by the fact 
that it is a conductor of electricity. 

The process according to the invention is particularly 
suitable for continuous operation and can be mechanized by 
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utilizing an apparatus permitting the continuous transport of a 
length of metallic aluminum within a treatment zone, a hydraulic 
circuit comprising a head for wetting generally arranged in the 
vicinity of the metal toward which it is aimed during the passage 
of the latter through the zone, a circuit comprising a device for 
the continuous feeding of the wetting head with electrolyte to be 
applied to the moving metal, a device for supplying electricity 
that comprises a device for producing an anodic electrical coupling 
with the length of metal and a connection with a cathode in contact 
with the electrolyte of the hydraulic circuit, in such a way that, 
in the presence of an electrical current sprayed continuously by 
the head onto the metal, an electrochemical circuit is completed by 
this current. The electrical coupling with the length of metal 
can be constituted by a direct electrical contact or by contact via 
the intermediary of the electrolyte, that can be obtained, for 
example, by utilizing a bipolar arrangement of the electrodes. 

In that case, where the aluminiam element already presents a 
layer of oxide before the treatment, it is cleaned in situ to the 
point of being electrolytically bare and then submitted to 
treatment with a current density and temperature determined 
beforehand to produce an equilibrium between the rate of formation 
and the rate of dissolution and to obtain an oxide surface active 
relative to polymers. 
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The principal variables to be considered when applying the 
invented process to an aluminiam element by utilizing an anodizing 
electrolyte are the density of the current, the temperature and 
duration. The electrolyte is chosen preferably among phosphoric 
acid, chromic acid, sulfuric acid, oxalic acid and mixtures of 
these acids, and alkaline metallic carbonates. 

The polymers forming the desired coatings on the aluminum are 
those known as organic polymers that generate films. Some examples 
of such film-generating polymers are: 

1) acrylic resins, such as the copolymers of esters of 
acrylic acid and methacrylic acid and, in particular, a copolymer 
of methyl acrylate and methyl methacrylate; 

2) epoxide resins such as the glycidyl ether of bisphenol 
hardened by triethylenetetramine ; 

3) silicone resins; 

4) halogenated hydrocarbons, such as polyvinyl idene chloride, 
polychlorotetraf luoroethylene and the like; 

5) polycarbonate resins such as bisphenol A polycarbonate; 

6) polyimide resins; 

7) hydrocarbon polymers such as polypropylene and 
polyethylene ; 

8) polyurethane resins. 

For the implementation of an advantageous process according to 
the invention, the previously determined current density and 
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temperature of the anodizing electrolyte must be at least 
sufficient for obtaining in practical terms, after an anodic 
treatment of sufficient duration, an equilibrium between the rate 
of formation and the dissolution rate of the oxide film. When the 
latter is produced, an oxide film with a limiting or maximal 
thickness is obtained, after a given duration beyond which the 
thickness of the oxide film no longer increases. A tendency toward 
reduction of the thickness can be ascertained for durations of 
prolonged treatment after the formation of the film of thickness 
limit. The expression "practically in equilibrium" likewise 
corresponds to that case where reduction in the thickness limit of 
the film is observed as a result of a slight increase in the rate 
of dissolution relative to the rate of formation. It is expedient 
to note that the thickness limit of the film will vary with the 
particular aluminum alloy to be anodized, the other conditions 
being otherwise the same. 

In a general way, the aluminum is cleaned prior to anodization 
with an alkaline cleaning agent, which generally includes an 
inhibitor that protects the surface of the aliominum from chemical 
attack by the alkaline environment. The presence of these 
inhibitors can retard the dissolution of the oxide surface formed, 
in which case it is important to carry out the anodization process 
by utilizing the previously determined current density and 
temperature for a period of time sufficient to obtain the film of 
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thickness limit, which assures the dissolution and later formation 
of that oxide surface active with respect to the polymers. If the 
cleaning solution does not contain any inhibitor, that will 
facilitate the dissolution and later formation of the oxide surface 
active with respect to polymers, when the aluminum element is 
treated according to the invention. 

The importance of producing the oxide surface active with 
respect to polymers with an oxide film presenting the thickness 
limit will be apparent on reading Example 1 and the examination of 
Figure 8 that shows the relationship between the thickness limit of 
the oxide layer and the current density applied. 
e:^ple 1 

Tests were carried out with the use, as an electrolyte, of a 
solution containing 12% by volume of sulfuric acid at 22.2 X on 
polished panels consisting of 1100 aluminiom alloy, measuring 50 x 
150 mm. Each panel is submitted to a preliminary treatment 
consisting of (1) cleaning by dipping it in a moderately alkaline 
commercial cleaning solution containing inhibitors; (2) rinsing it 
with water; (3) plunging it for 15 seconds into a solution IX 
containing 50 % by volume of nitric acid and (4) rinsing it with 
water. The panel is then placed in the electrolyte, which is 
constituted by sulfuric acid. It is then removed while causing 
current to pass through electrical wires. It is then adjusted 
before treatment to the desired value. The bath is not agitated 
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during the anodic treatment. A voltmeter, Vari Tech model VT 
1176A, is used to measure the electrical current . The thickness of 
the oxide film is measured on a polished section by the use of a 
microscope equipped with a lens having a magnification of 40 and a 
micrometric eyepiece with a magnification of 6. 

Following the anodic treatment, the panel is submitted to the 
action of a jet of water at 25.5 °C, and a sample is cut from the 
central part in order to measure the thickness of the oxide. A 
coating is then applied by dipping the panel in a solution of 
tetrahydrofuran containing 60 g/1 of the polymer vinylidene 
chloride. The coating is dried in air at between 22 and 25.5 X, 
The adherence of the coating is determined by means of a bending 
test at 180 °C and a separation test with an adhesive tape after 
the panel has been exposed to a CASS environment for a continuous 
time interval of 17 hours. The grades are the following: very 
good, the coating does not separate from the surface in the bent 
zone; good, at most 25 % of the coating are separated from the 
surface in the zone of the bend; fair from 25 to 50 % of the 
coating are separated from the surface in the zone of the bend; 
poor more than 50 % of the coating are separated from the surface 
in the zones of the bend. 

The CASS test is a standard test for the evaluation of treated 
aliominum surfaces to corrosion, corresponding to the accelerated 
test with acetic acid and in a saline mist used for the study of 
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copper according to ASTM 368-64 T. 

The protocol utilized for evaluating the resistance to 
corrosion is similar to the ASTM protocol described in detail in 
the 1953 Committee Report {Proc. Am. Soc. Test. Mat. 53, 265, 
1953) . The degree of corrosion is determined by calculating the 
percentage by weight of defective surface and reading the value on 
the conversion curve illustrated in Fig. 11, 

To carry out the evaluation, the percentage of defective 
surface is determined by comparing the samples with standard tables 
illustrating the CASS values between 0 and 10. As seen in Fig. 11, 
it is evident, for example, that a CASS value of 7 corresponds 
to a weight percentage of defective surface of 0.5, and that a 
value of 5 corresponds to a percentage by weight of 2.0. A CASS 
value of 7 is thus, with reference to the percentage of defective 
surface, 4 times greater than a CASS value of 5. Whenever there is 
a desire to evaluate the long-term resistance of the coating, the 
CASS values are determined after 17 hours, this 17-hour test 
constituting a very demanding evaluation. 

Each of the aluminum panels is treated for time periods having 
various durations with an electrolyte consisting of sulfuric acid, 
the thickness of the oxide film being determined at intervals for 
current densities of 1.61, 1.07 and 0.54 A/dm^. The oxide layers 
are then coated with layers of vinylidene chloride polymer as 
indicated above. The results are summarized in the following Table 
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1: 

As shown in Table 1 and Figure 8 that corresponds to it, the 
samples (•, a, ■) present very good bonding characteristics 
relative to the coating with the vinylidene chloride polymer, 
although all the other samples exhibit poor bonding 
characteristics. When the thickness limit of the oxide film for a 
particular current density is reached, the bonding of the 
vinylidene chloride polymer is very good. For those values 
situated on the slopes of the curves in Fig. 8, it is seen that the 
oxide film is not active with respect to the polymer and that it 
only becomes active relative to the polymer when dissolution is 
produced for the thickness limit of the film. The very good CASS 
values determined according to the curve in Fig. 11, after a 17- 
hour period spent in the CASS environment, are at least about 8. 
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TABLE 1 



Experiment 


Duration 


Coulombs 


Surface 


Thickness of 


Adhesion of the 


No. 


of 


(A.s) 


charge 


the oxide 


vinylidene 




treatment 




(A.min/dm^) 


layer (mm) 


chloride coating 




(minutes) 








after the 17-hour 












CASS test 




Nominal current densitv 


-1,61 A/dm^ 
















1 


6 


540 


9.69 


0.00333 


poor 


2 


10 


960 


17.22 


0.00445 






35 


3150 


56.51 


\J > U J. O VJ VJ 




4 


40 


3860 


69.21 


0.0200 


II 


5 


50 


4710 


84.50 


0 . Oz Jb 


„ 


6 


60 


5370 


96.34 


0.0267 


II 


7 


66 


6000 


107.64 


0.0302 




8 


70 


6630 


118.95 


0.0310 


very good 


9 


80 


6950 


124.87 


0.0315 




10 


90 


8330 


149.09 


0.0311 


II 


11 


108 


9600 


172.23 


0.0307 


II 




Nominal current densitv 


















12 


30 


3784 


31.97 


0 . 0089 


poor 


13 


50 


2904 


59.10 


0.0140 


II 


14 


60 


3524 


63.19 


0.0173 


II 


15 


70 


4108 


75.03 


0.0209 


II 


16 


86 


4717 


87.71 


0.0222 


very good 


17 


100 


5989 


107.64 


0.0222 


II 


18 


120 


6974 


124.87 


0 . 0217 






Nominal current densitv 


-1,07 h/dm^' 
















19 


30 


844 


15.07 


0.0044 


poor 


20 


50 


1402 


25.19 


0.0072 


II 


21 


63 


1800 


32.30 


0.0984 


II 


22 


90 


2551 


45.74 


0.0098 


very good 


23 


120 


3460 


61.57 


0.0089 


II 



As Fig. 8 shows, the thickness limit of the film depends 
upon the current density utilized, the remaining conditions being 
otherwise the same. Therefore, by adjusting the value of the 
current to a particular value, it will be possible to produce a 
film with a definite thickness limit, whose surface is constituted 
by an oxide active with respect to the polymer. In this regard, 
the invention permits utilization of a relatively broad range of 
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conditions for obtaining very thin films active with respect to 
polymers, without the need for prolonged treatment durations. To 
illustrate the manner in which it is possible to adjust the final 
thickness limit of the films as a function of the current and of 
the temperature, tests were carried out on type 3003 aluminum 
alloy. The current densities for which it is possible to obtain 
oxide films active with respect to polymers are determined first of 
all by establishing the logarithmic ratio between the temperature 
of the electrolyte and the minimal current density at which a 
surface active relative to polymers and having a definite thickness 
is obtained, as illustrated by Figs. 9 and 10. Then, to determine 
the optimal or maximal permitted current density, the current 
density us then increased from the minimal value to that value 
corresponding to the desired thickness limit of the film active 
with respect to polymers. Tests are carried out on type 3003 
aluminum alloy, polished in a solution containing 15 % by volume of 
sulfuric acid and 20 % by volume of phosphoric acid, over a 
relatively wide temperature range. The panels are cleaned by (1) 
rubbing the surface with a cotton pad saturated in a suspension of 
magnesium oxide and water and (2) rinsing in water and rubbing the 
surface with a cotton fabric suitable for producing a complete 
elimination of the magnesium oxide from the surface of the 
aliominum. The minimal current density for the production of a film 
active with respect to polymers and having a thickness limit on a 
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cleaned alximinum surface is determined by increasing the current 
density to that value at which a film is obtained, which is active 
relative to polymers and presents a very good adherence of the 
vinylidene chloride polymer after 17 hours of exposure in the CASS 
environment, the polymer being applied as described in Example 1. 
Thus, in Figs. 9 and 10, a surface active with respect to polymers 
cannot be obtained below lines A and I, which correspond to minimal 
current densities. The results obtained are siommarized in Tables 2 
and 3 , which follow : 
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TABLE 2 

Aliiminiim 3003 alloy and H2SO4 at 15 % by volume 



/li 



No. 


Temperature 


Current 


Treatment 


Surface 


Color 


Adhesion of the 












density* 


duration 


charge 


of 


vinylidene 












(A/dm") 


(minutes) 


(A.min/dm^) 


oxide 


cnioriae coacing 
























film 


after the 17- 


























hour CASS test 












A 


Test for 


minimal current density 




24 


25.56 


± 


0 


56 


0 . 


048 


15 . 


0 


0 


.73 


clear 


very good 


25 


25.56 


+ 


0 


56 


0 . 


043 


15. 


0 


0 


.65 


clear 


very good 


26 


25.56 


+ 


0 


56 


0 . 


038 


15. 


0 


0 


.57 


clear 


very good 


27 


25.56 


+ 


0 


56 


0 . 


032 


20. 


0 


0 


.65 


clear 


very good 


28 


25.56 


+ 


0 


56 


0. 


030 


20. 


0 


0 


.60 


clear 


poor 


29 


25.56 


± 


0 


56 


0. 


028 


20. 


0 


0 


.43 


clear 


poor 


30 


41.4 


± 


0 


56 


0. 


41 


5. 


0 


2 


.05 


clear 


very good 


31 


41.4 


± 


0 


56 


0. 


24 


7 . 


0 


1 


.66 


clear 


very good 


32 


41.4 


± 


0 


56 


0. 


16 


10. 


0 


1 


.61 


clear 


very good 


33 


41.4 


± 


0 


56 


0. 


13 


10. 


0 


1 


.29 


clear 


very good 


34 


41.4 


± 


0 


56 


0. 


11 


12. 


0 


1 


29 


clear 


very good 


35 


41.4 


± 


0 


56 


0. 


086 


15. 


0 


1 


29 


clear 


poor 


36 


54.44 


± 


0 


56 


0. 


43 


5. 


0 


2 


15 


clear 


very good 


37 


54.44 


± 


0 


56 


0. 


38 


6. 


0 


2 


36 


clear 


very good 


38 


54.44 


± 


0 


56 


0. 


34 


8. 


0 


2 


76 


clear 


very good 


39 


54.44 


± 


0 


56 


0. 


33 


8. 


0 


2 


67 


clear 


very good 


40 


54.44 


± 


0 


56 


0. 


32 


7. 


0 


2 


26 


clear 


poor 


41 


54.44 


± 


0 


56 


0. 


30 


8. 


0 


2 


41 


clear 


poor 
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TABLE 2 (continuation) /i2 



No. 


Temperature 


Current 


Treatment 


Surface 


Color 


Adhesion of the 














density* 


duration 


charge 


of 


vinylidene 














(A/dm^) 


(minutes) 


(A.min/dm^) 


oxide 


chloride coating 






















film 


after 


the 17- 
























hour CASS test 


B. Maximal current density 


42 


25. 


56 


± 


0. 


56 


1.18 


8.0 


9 


47 


clear 


very 


good 


43 


41. 


4 


± 


0. 


56 


4.19 


2.0 


8 


40 


clear 


very 


good 




D *± . 


AA 




n 

u . 


J D 


J. z . / 


1.0 


12 


70 


clear 


very 


good 












c 


Current 


density preferred for thin films 






45 


25 . 


56 


± 


0 . 


56 


0 . 17 


15.0 


2 


58 iridescent 


very 


good 


46 


25. 


56 


± 


0 . 


56 


0 . 12 


11.0 


1 


30 iridescent 


very 


good 


47 


25. 


56 


± 


0. 


56 


0.11 


6.0 


0 


65 slightly 


very 


good 




















iridescent 






48 


25. 


56 


± 


0. 


56 


0.097 


10.0 


0 


97 


clear 


very 


good 


49 


25. 


56 


± 


0. 


56 


0.091 


10.0 


0 


91 


clear 


very 


good 


50 


25. 


56 


± 


0. 


56 


0.048 


20.0 


0 


108 


clear 


very 


good 


51 


25. 


56 


± 


0. 


56 


0.045 


8.0 


0 


37 


clear 


poor 


52 


41. 


4 


± 


0 . 


56 


0.75 


2.5 


1 


88 iridescent 


very good 


53 


41. 


4 


± 


0. 


56 


0.54 


3.5 


1 


88 iridescent 


very good 


54 


41. 


4 


± 


0. 


56 


0.38 


1.8 


1 


.88 slightly 


very good 




















iridescent 






55 


41. 


4 


± 


0. 


56 


0.24 


5.0 


1 


18 clear 


very good 


56 


41. 


4 


± 


0. 


56 


0.20 


3.0 


0 


61 clear 


very good 


57 


54. 


44 


± 


0. 


56 


0.39 


0.8 


2 


54 iridescent 


poor 


58 


54. 


44 


± 


0. 


56 


0.113 


1.8 


2 


05 slightly 


very good 




















iridescent 






59 


54. 


44 


± 


0. 


56 


0.108 


1.82 


1 


.82 clear 


very good 



Constant current density 
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TABLE 3 /il 



Aluminum 3003 alloy and phosphoric acid at 20 % by voliame 



No . 


Temperature 


Current 


Treatment 


Surface 


Color 


Adhesion of the 














density* 


duration 


charge 


of 


vinylidene 














(A/dm') 


(minutes) 


(A.min/dm^) 


oxide 


chloride coating 






















film 


after the 17- 
























hour CASS test 














A 


Test for minimal current density 




60 


27 . 


78 


± 


0 . 


56 


0 . 


2 6 


10.0 


2.58 


clear 


very good 


61 


27 . 


78 


± 


0 . 


56 


0 , 


24 


10.0 


2.37 


clear 


good 


62 


27 . 


78 


+ 


0 . 


56 


0. 


23 


10.0 


2.26 


clear 


poor 


63 


27 . 


78 


+ 


0 . 


56 


0. 


22 


10.0 


2.15 


clear 


poor 


54 


36. 


11 


± 


0. 


56 


0. 


58 


4.0 


2.33 


clear 


very good 


65 


36. 


11 


± 


0. 


56 


u . 


56 


4.0 


2.24 


clear 


good 


66 


36. 


11 


± 


0. 


56 


u . 


54 


4.0 


2.15 


clear 


fair 




J b . 


XX 


± 


u . 


D O 


0. 


52 


4.0 


2.10 


clear 


poor 


68 


J b , 


XX 


± 


U . 


DO 


0. 


50 


5.0 


2.48 


clear 


poor 


69 


36. 


11 


± 


0. 


56 


0. 


47 


5.0 


2.37 


clear 


poor 


7 n 


52. 


78 


+ 


0. 


56 


3. 


01 


0.8 


2.41 


clear 


vPT*v rrood 

V — -X- Jf \^ Nw/ 


71 


52. 


78 


± 


0. 


56 


2 . 


91 


0.8 


2.33 


clear 


very good 


72 


52. 


78 


± 


0. 


56 


2. 


80 


0.8 


2.34 


clear 


very good 


73 


52. 


78 


± 


0. 


56 


2. 


69 


1.5 


4.04 


clear 


poor 


74 


52. 


78 


± 


0. 


56 


2. 


58 


0.8 


2.07 


clear 


poor 


75 


52. 


78 


± 


0. 


56 


2 . 


37 


0.9 


2.13 


clear 


poor 
















B. 


Maximal current density 




76 


27. 


78 


± 


0. 


56 


8. 


83 


1.5 


13.2 


clear 


very good 


11 


36. 


11 


± 


0. 


56 


19. 


9 


1.0 


19.9 


clear 


very good 


78 


52. 


78 


± 


0. 


56 


99. 


0 


0.75 


74.3 


clear 


very good 
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TABLE 3 (continuation) /2A 



No . 


Temperature 


Current 


Treatment 


Surface 


Color 


Adhesion of the 












density* 


duration 


charge 


of 


vinylidene 












(A/dm') 


(minutes) 


(A.min/dm^) 


oxide 


chloride coating 






















film 


after 1 


:he 17- 
























hour CASS test 










c 


Current 


density preferred for thin films 






79 


27.78 


± 


0 


56 


0 


.59 


4.0 


2 


37 iridescent 


very 


good 


80 


27 .78 


± 


0 


56 


0 


.53 


4.5 


2 


.37 iridescent 


very 


good 


81 




•4- 


u 


t; 

D D 


0 


.404 


5.0 


2 


02 slightly 


very 


good 




















iridescent 






82 


27.78 


± 


0 


56 


0 


.98 


5.0 


1 


99 clear 


very 


good 


83 


27.78 


± 


0 


56 


3 


.77 


5.0 


1 


88 clear 


very 


good 


84 


36.11 


± 


0 


56 


1 


.51 


2.0 


3 


01 iridescent 


very 


good 


85 


36.11 


± 


0 


56 


1 


.21 


2.0 


2 


41 iridescent 


very 


good 


86 


'ii^ 11 


-1. 
X 


n 
u 


D D 


0 


.92 


3.0 


2 


76 slightly 


very 


good 




















iridescent 






87 


36.11 


± 


0 


56 


0 


.87 


3.0 


2 


62 clear 


very 


good 


88 


36.11 


± 


0 


56 


0 


.48 


5.0 


2 


42 clear 


very good 


89 


52.78 


± 


0 


56 


0 


.62 


0.3 


1 


87 iridescent 


very good 


90 


52.78 


± 


0 


56 


0 


.56 


0.4 


2 


23 slightly 


very 


good 




















iridescent 






91 


52.78 


± 


0 


56 


0 


.49 


0.4 


0 


198 slightly 


very 


good 




















iridescent 






92 


52.78 


± 


0 


56 


0 


.47 


0.4 


0 


189 clear 


very 


good 



Constant current density 



As evident from Figs. 9 (sulfuric acid) and 10 (phosphoric /l^ 
acid) , the current density permitting the obtainment of an oxide 
film at the thickness limit with a surface active relative to 
polymers varies with the temperature in such a way that the more 
the temperature is increased, the greater will be the current 
density needed to obtain a film of thickness limit with a surface 
active with respect to polymers. For 3003 aliiminum alloy, the 
minimum corresponds to line AB in Fig. 9 (sulfuric acid), whereas 
the maximal desirable value corresponds to line DC, the selected 
values temperature for line DC being approximately equal to 37 
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times the minimal values of line AB. The preferred range is 
delimited by the surface ABHG, the values on line GH for a given 
temperature being equal to approximately 7 times the minimal values 
of line AB. A current density preferred for obtaining oxide films 
on the 3003 aluminum alloy active with respect to polymers, which 
are very thin and clear, corresponds to zone ABFE, the values of 
line EF for a selected temperature being equal to approximately 3.5 
times the minimal current densities of line AB. It is expedient to 
note that the preferred current density in Fig. 9 is equal to 
merely a tenth of the current density of that current density 
normally utilized for producing classic anodization at 20 °C and 
that the maximal current density is approximately 1/3, 

In the case of Fig. 10, where the electrolyte is phosphoric 
acid, similar results are obtained, but with a different range of 
current densities. The minimal current densities correspond to 
line IJ and the preferred maximal values to line LK, the values for 
a selected temperature on line LK being equal to approximately 37 
times those corresponding to the minimal values of line IJ, The 
preferred range corresponds to the zone IJPO, the values of line OP 
for a chosen temperature being equal to approximately 7 times the 
minimal values of line IJ. Those current values preferred for 
obtaining films on 3003 aluminum alloy active with respect to 
polymers, which are very thin and clear, correspond to zone IJNM, 
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the values of line MN for a chosen temperature being equal to 
approximately 1.7 times the minimal values of line IJ. The 
preferred concentration of phosphoric acid can be in the range of 
from 10 to 30 % by volume. 

The minimal current can vary according to the particular 7 16 
aluminum alloy. Nevertheless, in the case of the minimal current 
density, the utilizable current density can in general terms be as 
much as 37 times the minimal value, and the preferred current can 
range up to 7 times the minimal value. 

On advantage of the utilization of thin and clear films with 
activity relative to polymers is that a reflective character can be 
obtained by the application of transparent, film-generating 
polymers to the surface, while obtaining very good adhesion. 

Mechanism of the formation of the oxide laver active with respect 
to polymers 

In order to understand the mechanism for the formation of the 
layer active with respect to polymers, it is expedient to define 
the terms "thickness limit or maximal thickness of the film", "rate 
of oxide formation" and "rate of oxide dissolution" . 

The thickness limit of the film is the maximal thickness the 
oxide can obtain on the aluminiom for a particular current density 
during anodization. Under all the conditions of anodization, the 
films can reach a maximal thickness limit at a certain moment, at 
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which point the thickness begins to diminish. According to certain 
observers, this reduction of film thickness is due to an increase 
in the resistance of the oxide films, which are becoming thicker, 
and to the formation of heat at the electrolyte-oxide interface, 
which accelerates the dissolution of the oxide film to the point 
where the dissolution rate is greater than the rate of oxide 
formation . 

The rate of oxide formation is the rate at which the oxide 
layer is formed electrochemically at the aluminum-oxide interface. 
For a current efficiency of 100 %, it is possible to calculate the 
formation rate of the aluminum oxide by applying Faraday's law to 
the electrolysis, which states that 96,500 coulombs (ampere- 
seconds) are necessary for the formation of an equivalent weight of 
oxide via the electrochemical phenomenon. 

The rate of oxide dissolution is the dissolution rate of the 
oxide film at the oxide-electrolyte interface. This parameter is 
determined experimentally, because it depends upon diverse 
variants . 

It is possible to produce thin films at the thickness limit by 
modifying the conditions of operation as follows: 
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Variable 



Effect upon film thickness 



Temperature increase 



reduction 



Increase in electrolyte concentration 



reduction 



Increase in the dissolving effect 
of the electrolyte 



reduction 



Increase in current density 



increase 



Current interruption 



reduction 



Increase in the agitation of the solution 



reduction 



As for the production films that are active with respect to 
polymers, it is apparent that the dissolution of the oxide produced 
during formation of the limiting film breaks down the oxide 
networks that are a potential for anodic polarization, with the 
result that a crystalline lattice exhibiting defects with charged 
centers is formed. The oxide structure obtained presents an 
affinity for polymers and is electrically conductive. 

The electrical conductivity of the oxide film active with 
respect to polymers, in particular thin films with a thickness less 
than or equal to approximately 0.76 lam, is determined by placing a 
polished copper bar with a diameter of 2.54 cm and weight of 347 g 
on the surface and applying a potential of 20 V across the film of 
anodic oxide. Those films that are active with respect to polymers 
yield a drop in potential of only from 40 to 200 mV per 650 mA. In 
the case of films that are practically nonconductive, a current of 
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less than 10 mA is observed, when a 20 V potential is applied. 

The rate of oxide dissolution determined experimentally will 
depend upon the nature and the concentration of the electrolyte, 
the temperature of the solution and the possible agitation. Thus, 
even though the dissolution rate can vary with the composition of 
the electrolyte, as indicated above, this parameter can be 
determined experimentally for each composition, as a function of 
the aluminum alloy to be anodized. 

As indicated above, it is preferred during implementation of 
the invented process for anodization to produce a film at the 
thickness limit, because the thickness limit of the film is in 
practice not modified by the presence of inhibitors in the 
anodizing solution. /2JL 

Because the surface active with respect to polymers is 
obtained for the film at the thickness limit by producing in 
practice an equilibrium between the rate of oxide formation and the 
rate of oxide dissolution, it is desirable for the rate of 
dissolution during the treatment of the surface to be not more than 
the rate of formation at that point where the oxide layer initially 
formed on the surface would be totally eliminated. This could be 
produced in a system continuously, if the temperature and/or the 
agitation of the solution relative to the surface to be treated 
prevent the formation of the oxide by excessive erosion. 
Therefore, the relative rate of flow between the solution and the 
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aluminum element must be as close as possible to zero, although 
this is not indispensable if the erosion of the oxide surface is 
avoided. 

The following additional examples illustrate various execution 
variants of the invention. 
E?^^pl^ 2 

Sulfuric acid constitutes a classic example of an acid 
anodizing electrolyte, utilized at concentrations of from 5 to 30 % 
by- volume, for example, from 10 to 25 % by volume, with current 
densities of from 1.07 to 2.69 A/dm^ at relatively low temperatures 
of from 15.5 to 25.5 °C . These conditions make it possible, in 
current practice, to obtain a dense and pure oxide. Nevertheless, 
this oxide is not active with respect to polymers, even though it 
does permit a certain mechanical union. 

For the production of a surface active with respect to 
polymers by utilizing sulfuric acid, a panel consisting of polished 
aluminiom (alloy 3003), measuring 15 x 150 mm and having a thickness 
of 1,600 mm, is cleaned beforehand by (1) steam degreasing in 
trichloroethylene, (2) dipping in an alkaline cleaning solution 
(inhibited alkaline cleaning agent containing basic alkaline salts, 
surface-active agents and emulsifying agents for 90 seconds at 79.5 
""C, (3) rinsing in water for 60 seconds at 49 ''C, (4) immersing it 
for 15 seconds in an acid solution containing 50 % by volume of 
nitric acid, and (5) rinsing in water at for 30 seconds at 
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approximately 25,5 ""C . The cleaned panel is then immersed in a 
solution containing 15 % by volume of sulfuric acid at 54.5 ''C and 
submitted to anodization with a current density of 1.13 A/dm^ for 
1.8 minutes with a continuous voltage of 2.4 V. Finally, the 
panel is withdrawn, rinsed with water at 24.5 ""C and dried with a 
current of air at 25.5 °C . As Fig. 9 shows, the current density is 
situated within the preferred range. 

The above treatment yields a surface that is active with 
respect to polymers, which is likewise clearly conductive of 
electricity. 

Following the treatment, the panel provided with the layer 
active with respect to polymers, is dipped in a solution of 
vinylidene chloride and tetrahydrofuran containing 60 g/1 of 
vinylidene chloride for approximately 3 seconds in order to obtain 
a coating layer with a thickness of 5,08 urn, which is dried in air 
at 25.5 °C, The coated zone, in the absence of baking, presents 
very good adhesion when the panel is bent back on itself by 180"* 
and when it is submitted to the separation test by pulling on the 
bent edge with an adhesive or "Scotch" tape applied to the surface 
of the coating. To demonstrate that the adhesion is superior to 
simple mechanical adhesion, the panel is submitted to the CASS test 
for 17 hours, the bending and separation tests being then carried 
out on other portions of the panel. The panel presented very good 
adhesion after the CASS test, the CASS value being less than 
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approximately 8 . 

Tests have shown that the behavior of the electrolytes is 
affected by diverse parameters. For example, the electrolytes 
behave differently at various temperatures and current densities. 
For example, sulfuric acid makes it possible to obtain very good 
adhesion after the CASS test, when the layer active with respect to 
polymers is produced at 75,5 for a treatment duration of 7,5 
minutes with a current density of from 6.45 A/dm^ to 48,4 A-min/dm^. 
Nevertheless, when the aluminum panel is treated at 49 ''C for the 
same duration (7.5 minutes) with a current density of 6.45 A/dm^ 
(48.4 A-min/dm^), the adhesion of the vinylidene chloride coating 
is poor after the CASS test, even though adhesion appears to be 
good before the test. By reducing the temperature to 49 °C, the 
treatment duration is insufficient to obtain the film at the 
thickness limit and the surface active with respect to polymers. 
However, the treatment duration of 7.5 minutes is adequate at a 
temperature of 75.5 °C . 

Phosphoric acid yields good results over a relatively extended 
range of temperatures, for example at from 16 to 43 °C and more, 
and in a concentration range of from 5 to 20 % by volxame, A /ZD. 
solution of phosphoric acid containing 15 % by volume yields 
excellent results when a 3003 alloy panel is coated (cleaning as in 
Example 1) with vinylidene chloride before and after the CASS test 
for 17 hours. 
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An electrolyte solution containing 3.8 % by weight of sodium 
carbonate yields very good results with vinylidene chloride, for 
1.93 A/dm^ (48.4 A-min/dm^) at a temperature of 40 °C (duration of 
treatment 25 minutes) . However, poor results are obtained at 27 
and 1.07 A/dm^ for a treatment duration of 45 minutes (48.4 A- 
min/dm^), both before and after the CASS test, due to the fact that 
the treatment duration is insufficient for the formation of the 
film at the thickness limit and active with respect to the polymer. 

In the case of an electrolyte solution containing 10 % by 
weight of oxalic acid, very good vinylidene chloride adhesion is 
obtained at temperatures of from 54.5 to 60.5 °C and a current 
density of approximately from 2.90 to 3.66 A/dm^ (48 A-min/dm^) , 
whereas poor adhesion results at 5.4 A/dm^ (48.4 A-min/dm^) at 25 
and with 3.76 A/dm^ (48.4 A-min/dm^) at 46 °C. 

In a similar manner, very good results are obtained with 
chromic acid (for example, at 5 % by weight) at temperatures of 
from 65.5 and 76.5 ""C for current densities of from 4.09 to 7.53 
A/dm^ (48.4 A-min/dm^) before and after the CASS test for 17 hours 
with vinylidene chloride, bad results being obtained at 0,43 A/dm^ 
(48.4 A-min/dm^) and 26.5 °C. 

The poor results above are obtained due to the fact that the 
duration of anodization is insufficient to achieve the thickness 
limit of the film and the corresponding surface active with respect 
to polymers. 
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Because short treatment intervals and thin films are 
particularly suitable for a continuous industrial process, an 
electrolyte containing phosphoric acid is preferred. 
E^^^pl^ 3 

As indicated above, when the dissolution rate of aluminum 
oxide is higher than the rate of formation, it is not possible to 
obtain an oxide surface active with respect to polymers. This I2X 
is illustrated by the following experiment. 

A panel consisting of polished 3003 aluminum alloy, measuring 
50 X 150 mm is cleaned as described in Example 2 . It is then 
treated by anodization for 0.8 minutes, at 53 "^C and 2.58 A/dm^, in 
an electrolyte constituted by a solution containing 20 % by volume 
of phosphoric acid. A coating of vinylidene chloride is then 
applied as in Example 2, the properties of the panel being 
determined before and after the 17-hour CASS test. Due to the 
rather high rate of dissolution, no surface active with respect to 
polymers is obtained, with the result that the applied coating of 
vinylidene chloride exhibits a poor bond both before and after the 
CASS test. On the other hand, very good adhesion after the 17-hour 
CASS test is obtained at 3.01 A/dm^ for 0.8 minutes. 

In a similar manner, two samples of the same alloy were 
studies at 27.5 °C by anodizing one of them in 20 % phosphoric acid 
for 10 minutes at 0.21 A/dm^ and the other at 0.26 A/dm^. The 
second sample presents a surface active with respect to polymers 
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and exhibits very good adhesion to vinylidene chloride after the 
CASS test for 17 hours. That sample corresponding to the weaker 
current density exhibits an excessive rate of dissolution and does 
not permit an adherent coating to be obtained. 

Those values in Table 2 and 3 illustrate treatment by an 
electrolytic system, constituted for example by phosphoric acid or 
sulfuric acid, by regulation of the current density and the 
temperature in such a manner avoiding an excessive dissolution rate 
and achieving the thickness limit of the film at which an 
equilibrium between the rate of fo3rmation and rate of dissolution 
is obtained to form a surface active relative to polymers. 

This example shows how an aliominum element anodized in the 
classic fashion can be transformed into a surface active with 
respect to polymers. 

To transform the surface of an element oxidized in the classic 
manner into a surface active with respect to polymers, a panel 
consisting of polished 5557 aluminum alloy, measuring 100 x 150 mm, 
is cleaned as described into Example 2 and anodized by the classic 
method for 15 minutes in an electrolyte constituted by sulfuric 
acid with a concentration of 15 % by volume, using a current 
density of 1.72 A/dm^ at 24.5 "^C. This treatment forms a layer of 
hard and dense oxide having a significantly reflective character. 
After the panel has been rinsed with water and dried in a current 
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of air at 25.5 "^C, it is cut into two samples, each measuring 50 x 
150 mm. One of the samples with the hard and dense oxide layer is 
provided with a coating of vinylidene chloride, proceeding as in 
Example 2, the result being a nonadherent coating that is easily 
separated. 

The other sample carrying the hard oxide layer is treated by 
anodization for 2 minutes in a solution containing 15 % by volume 
of phosphoric acid, at 2.15 A/dm^ and 43 °C, which modifies the 
oxide by partial dissolution, while forming a surface that is 
active with respect to polymers. After the panel has been rinsed 
in water and dried in air at 25.5 "^C, a coating of vinylidene 
chloride is applied to it as in Example 2. The polymer coating 
exhibits excellent adhesion both before and after the 17-hour CASS 
test . 
Ex^pl^ 5 

The purpose of this example is to show the wide spectrum of 
polymeric materials that can be made per the invention to stick to 
the aliaminum. A panel consisting of 3003 aluminum alloy, measuring 
50 X 150 mm, is cleaned as in Example 2 and submitted to an anodic 
treatment for 5 minutes in a solution containing 15 % by volume of 
phosphoric acid at 43 ''C, with a current density of 1.93 A/dm^, in 
order to form a layer of oxide at the thickness limit, whose 
surface is active with respect to polymers. The compounds studied 
and the results obtained are presented in Tables 4 and 5 below. 
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Test 
No. 


Polymer 
(mm) 


thickness 


Comparative characteristics of surface 
to surfaces prepared per the invention 


bonding 
(b) 


Adhesion before 
CASS test 


Adhesion after CASS 
hours) 


test (56 


1 a 






0 


.00381 


very 


good 


very 


good 










0 


00381 , 


very 


good 


very 


good 




On 






0 


01524 


very 


good 


very 


good 










0 


01524 


very 


good 


very 


good 










0 


00254 


very 


good 


very 


good 










0 


00254 


very 


good 


very 


good 




7 a 

/ A 




< 


0 


00254 


very 


good 


very 


good 




a 

OA 






0 


\J\J £iD'± 


very 


good 


V fcji. y 


y ^j(jvj. 




Q a 




< 


0 


00254 


very 


good 


very 


good 




1 na 

1 UA 




< 


0 


00254 


very 


good 


very 


good 




llA 




< 


0 


00254 


very 


good 


very 


good 




12A 




< 


0 


00254 


very 


good 


very 


good 




13A 




< 


0 


00254 


very 


good 


very 


good 




14A 




< 


0 


00254 


very 


good 


very 


good 




ISA 




< 


0 


00254 


very 


good 


very 


good 





(b) Panel consisting of 3003 aluminum alloy measuring 50 x 150 mm, 
cleaned as indicated in Example 1 and having received an 
anodic treatment for 5 minutes with an electrolyte constituted 
by a solution containing 15 % by volume of phosphoric acid at 
43 °C, with a current density of 1.93 A/dm^. 



35 



The results in Tables 4 and 5 show the generalb /2^ 
suitability of surfaces active with respect to polymers, produced 
according to the invention, for the formation of an excellent 
adherence with a broad range of polymers, even after the CASS with 
a duration of 56 hours. It is expedient to note that even 
tetraf luoroethylene, which is the most difficult polymer to bond to 
a substrate, exhibits excellent adhesion to the surface active with 
respect to polymers. 

The purpose of this example is to show that the invention to a 
broad range of aluminiom alloy products. 

Polished panels corresponding to the wide range of alloys 
listed in Table 6 are cleaned as in Example 2 and then submitted to 
an anodic treatment for 5 minutes in a solution containing 15 % by 
volume of phosphoric acid at 43 °C, with 2.15 A/dm°C. Then, a 
coating of vinylidene chloride is applied as described in Example 
2, the panels being examined after 17 hours of exposure to the CASS 
environment. It is confirmed that all the alloys studied display 
very good adhesion. 

TABLE 6, page 26 

g^^^plg 7 

Tests have shown that the surface active with respect to 
polymers is stable with regard to heat at relatively high 
temperatures, without loosing practically any of its 
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characteristics. A panel consisting of 3003 alloy, measuring 100 x 
150 mm, is submitted to a preliminary treatment as in Example 2, a 
surface active with respect to polymers then being produced there 
by anodic treatment for 5 minutes in a solution of 15 % by voliome 
of phosphoric acid at 43 °C, with 1.72 A/dm^, After the panel has 
been rinsed in water and dried in an air current at 25.5 °C, the 
electrical conductivity of the surface active with respect to 
polymers is studied by placing the end of a polished copper bar, 
with a diameter of 2.5 cm and a weight of 347 g, on the surface and 
applying a potential of 20 V through the surface layer active with 
respect to polymers. A voltage drop of 70 mV at 550 mA is 
measured, which indicates that the surface active with respect to 
polymers is clearly conductive of electricity. 
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TABLE 6 I2L 
Characteristics of the bonding of aluminum and 
aluminum allovs (a) after treatment 



Element 


Sample 


size (mm) 


Adhesion of the vinylidene 
(b) coating after 17 hours 
exposure 


chloride 
of CASS 


Cominercially pure 


25 . 


4 


X 


152 


very 


good 




Alloy 


1100 


50 . 


8 


X 


152 


very 


good 




Alloy 


2014 


76 . 


2 


X 


102 


very 


good 




Alloy 


2025 


50. 


8 


X 


152 


very 


good 




Alloy 


3003 


50. 


8 


X 


152 


very 


good 




Alloy 


3003 


50. 


8 


X 


152 


very 


good 




Alloy 


5005 


50 . 


8 


X 


152 


very 


good 




Alloy 


5255 


76 . 


2 


X 


102 


very 


good 




Alloy 


5456 


76. 


2 


X 


102 


very 


good 




Alloy 


5557 


50. 


8 


X 


152 


very 


good 




Alloy 


5657 


76. 


2 


X 


102 


very 


good 




Alloy 


6061 


50. 


8 


X 


152 


very 


good 




Alloy 


6063 


50. 


8 


X 


152 


very 


good 




Alloy 


7075 


50. 


8 


X 


152 


very 


good 





(a) The panels are cleaned and dipped in acid as indicated in 

Example 2 before being submitted to an anodic treatment for 5 
minutes in a solution containing 15 % by voliime of phosphoric 
acid at 43 ""C, with a current density of 2.15 A/dm^. 



(b) The panels are coated as indicated in Example 2 . 

The panel is then heated in air to 538 °C for 2 hours. /27 
After cooling, it is determined that the electrical conductivity 
has not been modified. The panel is then coated with vinylidene 
chloride, as in Example 2. Adhesion to the aluminum substrate is 
found to be excellent after the 17-hour CASS test. 
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A solution and a cleaning procedure will now be described/ 
which are particularly suitable for producing a surface deposit by 
electrolytic anodization that permits obtaining the structure 
active with respect to polymers. 



The panel, which may or may not have been degreased using 
steam, is dipped in a solution containing the following 
ingredients : 



Chemical compound 


Total percentage by 
weight of the salt 


Concentration of the 
solution (g/1) 


Trisodium phosphate 


19.8 


60 


Potassium carbonate 


13.6 


41 


Potassium chromate 


66.6 


20 



The panel is dipped in the above solution for a period of from 
1 to 3 minutes at a temperature between 76.5 and 79,5 °C . The 
panel is then rinsed for 60 seconds at 49 °C and submitted to 
anodic treatment, for example, in a solution containing 20 % by 
volume of phosphoric acid. The preferred current density is just 
below that producing an iridescent oxide film with a surface charge 
of approximately 2.15 A-min/dm^. The electrolyte is maintained at 
43 °C, and the duration of treatment is approximately from 15 to 30 
seconds. Following the anodization treatment, the panel is 
removed, rinsed with water at approximately 25.5 *^C and dried with 
an air current at 25.5 ""C before application of the polymer 
coating . 
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Another procedure for cleaning aluminum panels consists of 
utilizing a suspension of magnesium oxide. An illustrative example 
of the process for producing a coating of polytetraf luoroethylene 
(Teflon) is described in the following example. 
Example 8 

A panel consisting of 1100 aluminum alloy, measuring 50 x 150 
mm and with a thickness of 1.65 mm, is cleaned by (1) rubbing the 
surface with a cotton pad saturated with the magnesium oxide 
suspension and water and (2) rinsing the surface with water and 
rubbing it with a cotton cloth suitable for completely eliminating 
the magnesiiam oxide from the surface of the aluminum. After 
cleaning, the panel is treated by anodization for 10 minutes at 
approximately 0.21 A/dm^ in a solution containing approximately 12 
% by volume of sulfuric acid (2.15 A-min/dm^) , the temperature of 
the electrolyte being maintained at approximately 43 '^C. This 
treatment is calculated to produce a film active with respect to 
polymer.s with a thickness of approximately 0.51 ym. Following the 
anodic treatment, the panel is withdrawn, washed in water and dried 
in a current of air at 25.5 ""C. The coating of 

polytetraf luoroethylene is applied to the surface by (1) dipping 
the treated panel in an aqueous dispersion containing 45 % of 
tetraf luoroethylene for approximately 15 seconds and then removing 
it slowly to produce a thin, wet film, (2) drying the film in air 
at 85 °C, (3) baking the dry film at 190.5 ''C for 3 minutes to 
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volatilize the wetting agents present and then (4) melting the film 
by baking it at 388 ''C for 3 minutes in order to obtain a strongly- 
attached Teflon coating. 

The adhesion of the coating is determined by cutting a series 
of crossed grooves on the coated surface, crossing at 1.2 mm 
intervals and passing through the thickness of the coating, then by 
attempting to lift the cut surface following the application of 
"Scotch" tape. The coating does not separate, which demonstrates 
that it is strongly bonded to the aluminum surface by the oxide 
surface active with respect to polymers. 

It is possible to cite as examples of compositions for the 
aqueous acid bath containing electrolyte: 

(A) a solution containing from 5 to 30 % by volume of 
phosphoric acid, for example, from 10 to 25 % by volume; 

(B) a solution containing from 5 to 30 % by volume of 
sulfuric acid, for example, from 10 to 2 5 % by volume; 

(C) a solution of oxalic acid having a concentration 
comprised between 1 % by weight and saturation; and 

(D) a solution of chromic acid having a concentration of from 
1 to 25 % by weight. 

In the case of those electrolytes indicated above, in general, 
the higher the temperature, the greater will be the current 
required to produce the formation of the oxide active with regard 
to polymers. In all cases, for a particular alloy, the time 
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interval employed for each particular electrolyte, composition, 
etc., must be sufficient to achieve the parallel dissolution of the 
anodic oxide. 123. 

The invention is applied in particular to a continuous 
treatment in which the solution and the element to be treated are 
moved relative to one another by utilizing a device that produces 
in situ (1) the removal of the natural oxide layer from the 
aluminum element thus forming an aluminum surface in the true sense 
of the term and (2) the formation of am oxide layer active with 
respect to polymers. The continuous process presents the advantage 
of obtaining a controlled equilibrium that is maintained by 
selecting that current density corresponding to a film active with 
respect to polymers for a minimal duration. 

Figure 1 illustrates one mode for the implementation of a 
process and of the device according to the invention for the 
continuous treatment of a large series of bars, strips or sheets of 
aluminum 10 moving from left to right. The steps of cleaning and 
oxidation indicated above take place at a single station 11, after 
which the oxidized aluminum is washed with water at 12 and dried in 
air at 13 before application of the polymer at 14 and the 
completion of the heating step in the oven (if required) at 15. In 
general, the treatment of the aluminum carried out at 12 utilizes a 
system for the continuous circulation of the electrolyte, 
comprising an element for generating flow or spraying-head 
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electrode 16 placed above the aliaminiim and overlaying the 
electrolyte, a collector 17 that recovers the electrolyte following 
contact with the aluminum and a circuit 18 indicated with a broken 
line, comprising a pump 19 that corresponds to a recirculation 
system. By preference, the electrode 16 is a cathode, and the 
aluminum 10 is an anode, as indicated by the polarization markings 
of the electrode 16 and of the brush 20 that comes into contact 
with the aluminum. The aluminum element can be fixed, and the 
electrolyte can be aimed at it with a relatively high rate of flow. 

The treatment device 11 is represented in greater detail in 
Figs. 2 and 3, which show a bar of aluminum 10 advancing 
continuously from right to left. During its passage through the 
device 11, the aluminum 10 is guided by spaced roller-supports 21- 
22 that can be rotated continuously by device 23. The rollers 21- 
22 are installed on roller mountings (in a manner not shown) and 
are preferably of a size permitting a constant partial immersion in 
the electrolyte when there is a normal electrolyte level in the 
collector 17. The collector 17 can be a rectangular pan 17 
comprising a central drain 24 with an orifice 25 that makes it 
possible to maintain an appropriate level of electrolyte 26 in the 
collector 17. A filter 27 purifies the electrolyte before it 
returns to a reservoir 28, from which the pump 19 recycles the 
purified electrolyte. 
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Figure 3 shows the spraying electrode 16 in the form of an 
essentially closed rectangular box with a width W greater than the 
effective width W of the aluminum 10 to be treated, the length L 
of the spraying electrode 16 being arranged in practical terms 
along the path of the aluminum 10 and in a central position between 
the rollers 21 and 22 . The bottom 29 of the head 16 is pierced 
with small identical holes or orifices whose open surface 29 are 
preferably chosen so that the rate of flow and pressure of the 
electrolyte provided by the piamp 19 will produce a continuous flow 
(rather than droplets) of electrolyte, forming a bridge in the 
relatively reduced space separating it from the upper surface of 
the aluminum 10, and so that these currents will continuously 
strike the entirety of the exposed upper surface of the aluminum 10 
by covering it. The head 16 can comprise a vertical feed channel 
30, vertically adjustable (for example, by means of a rack and 
pinion device 31) , which forms part of the feed circuit 18 to which 
is connected via the flexible tube 32, A flexible wiping device 
33, fixed to the outlet end of the head 16, wipes the greater part 
of the electrolyte away from the aluminum 10 before passing beneath 
the recover zone of the collector 17. To maintain the electrolyte 
at the desired temperature, when it is applied to the aluminum 10, 
the reservoir 28 comprises a heating device 34, fed with electrical 
power by the device 35, which includes a regulator 36 that responds 
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to instantaneous output signals from the detector or heat sensor 37 
(which is constituted by a thermocouple, a thermistor in the form 
of a bead or the like, arranged in the irrigating portion of the 
head 16), The rectangular prismatic element 38, drawn with a 
broken line above the reservoir 17 and the spraying electrode 16, 
constitutes an element avoiding projections and forming an 
aspiration hood with the evacuation device 39 . 

When in use, the pump 19 creates several currents of liquid 
electrolyte between the head 16 and the aliominum, which closes the 
electrical circuit for the anodic treatment of the aluminum via 
the intermediary of the brush 20 that enters into contact with the 
aliaminum. The number of these currents and their flow assures 
total liquid coverage of the upper surface of the aluminum during 
practically the entire passage beneath the head 16. The lower 
surface of the aluminum has been previously wetted (by the 
electrolyte from the pan 17) when the aluminum was submitted to 
spraying. The electrolyte that strikes the upper surface of the 
aluminum and runs over its edges is automatically carried below the 
aluminum bar, which assures the total coverage of the aliaminum 
during the time of its exposure to the action of the head 16. 

In a typical utilization that is crowned with success by the 
invention, it is of no importance that the aluminum to be treated 
is coated with natural aluminum oxide or constitutes a commercial 
anodized variety. It is likewise of no importance whether the 
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sample is or is not chemically clean. For example, a sample 
covered with grease is very easily cleaned, which makes it possible 
to carry out the desired treatment. The electrolyte can be 
constituted by a solution of from 5 to 30 % by volume of phosphoric 
acid. A bath containing 20 % by volume of phosphoric acid and 4.5 
% by weight of oxalic acid was found to be suitable for obtaining 
aluminum products coated with polymer. 

For the duration of the exposure indicated above, the 
substrate thickness of that layer active with respect to polymers 
can be in the order of approximately 0.025 um and reaches values 
approaching 3 . 8 or 6 . 4 vim and preferably approximately 0.76 lom. 

In that execution variant illustrated by Figs. 4 through 6, 
the spraying electrode 16 is replaced by an array of spaced 
electrodes in the form of parallel porous cylinders 41, 42, 43, 44, 
45, fed via the interior with electrolyte by the distributor 40 
connected to the feed 18, which produce a continuous wetting by 
contact with the upper surface of the aluminum sample 10, These 
cylinders are constituted by a fixed tubular support 46 (Fig. 5), 
fixed to the electrolyte-feed channel 46' and carrying 
concentrically, over nearly the entire length of its axis, a porous 
exterior tubular roller 47 that can be a perforated or semirigid 
shell covered with a fabric consisting of a material inert with 
regard to electrolyte. A suitable rolling mechanism (not shown) 
permits the rotation of the interior element 46 and a sprocket 122, 
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48 at one end induces rotation. The chain 49 drives all the 
sprockets at a speed synchronized with the advance of the aluminiom 
10 in a manner producing contact or partial contact, without 
slipping, between the wetting element 47 and the upper surface of 
the moving aluminum sample. A plug 50 closes the end of each 
cylinder 41 that is not driven, in which case this plug can be 
carried by one or the other of the tubular elements 46 or 47, 

As illustrated in Fig. 5, the cylindrical body of the interior 
element 46 is open locally, for example, by means of a slot or 
window 51, over a limited angle that can in general reach 
approximately 90"". This opening localized the radial flow of the 
electrolyte in order to cover the rotating exterior porous element 
47 just before it comes into contact or partial contact with the 
aliominiom 10, so that the flowing rate of the solution relative to 
the element 10 will be as close as possible to 0 in order to reduce 
the erosion of the oxide layer to the minimum. It is evident, in 
Fig. 6, that continuous contact 52 of the liquid electrolyte 52 is 
produced during operation by each cylinder (41, 42, ... 45), 
covering the totality of the upper surface of the mobile aluminum 
strip 10 in close contact, in which case the this electrolyte runs 
over the edges of the aluminiam, with the result that a significant 
fraction will cover the lower previously wetted surface of the 
aluminiim. If so desired, lower rollers 55, 56, 57, 58, 59 can be 
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deployed in a manner generally similar to that of the upper rollers 
41, A2, 43, 44, 45 in order to produce a similar contact and 
wetting of the lower surface of the aluminum. These lower rollers 
should preferably be driven in a direction opposite to that of the 
upper rollers, so that contact without slipping will be established 
with the mobile aluminum sample, as indicated by the arrows. The 
lower rollers can also be fed via the interior with fresh 
electrolyte ( with a radial flow of electrolyte through an opening 
51' arranged in an area just ahead of the contact with the 
aliaminum) , though it is preferred that wetting take place by 
partial immersion of the lower rollers in the electrolyte 
collector, as indicated in Fig. 6. In this latter case, it will 
obviously be unnecessary to provide a feed through the interior of 
the lower rollers. Electrical contact is produced at 20 by the /H 
brush that comes into contact with the aluminum and at 53 by the 
distributor feeding electrolyte to the upper roller assembly. 

That device illustrated in Fig. 7 shows the application of the 
invention to the treatment of a composite consisting of contoured 
aluminum such as, for example, a section in the shape of an L or an 
angular section of a continuous element 10', The material 10' is 
submitted to a treatment with electrolyte by the upper and lower 
wetting rollers 60 and 61. The upper roller 60 is characterized by 
a convex revolution surface, which is adapted for contact or 
partial contact with the concave surfaces of the aluminum passing 
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through the treatment zone. In a similar way, the lower roller 61 
is characterized by a concave or V-shaped revolution surface 
adapted to the convex surface of the mobile aluminum sample. The 
two rollers 60 and 61 can be fed from the interior, as described 
for Figs. 4 through 6. However, in the form illustrated, a 
cathodic wetting head 62 comprises a lower concave surface equipped 
with openings for the continuous feeding of electrolyte to the 
upper roller 60. The two rollers, 60 and 61, can be covered with a 
fabric to produce a maximal flow of electrolyte and to assure the 
presence of a continuous layer of liquid between the cathode 62 and 
the anode 10. 

Employed, according to a continuous process, is a device 
similar to that illustrated by Figs. 1 through 3, in which use is 
made of an extruded element consisting of aluminum alloy 6063, with 
a width of 44.45 mm and a thickness of 3.175 mm. The extruded 
aluminum element is employed as the anode, the flow of electrolyte 
being adjusted to 7 1/min by applying a DC potential of 30 V, while 
moving the aluminum element with a length of 1.3 m at a rate not 
exceeding 0.9 m/min. The extruded element is made to pass through 
the reaction zone at the desired speed, remaining there for from 10 
to 60 seconds, the temperature of the sprayed electrolyte being 
adjusted to the neighborhood of 50 ''C and the current density set 
to the range between 1.29 and 2.90 A/dm^. The treated extruded 
element is then rinsed with cold water at 24 X and dried with a 
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current of air at 25.5 °C. The characteristics of polymer bond are 
evaluated with a coating of vinylidene chloride applied to the 
samples by dipping them into a 60 g/1 solution of polymer in 
tetrahydrofuran and then drying the coated pieces at room 
temperature. As in the preceding examples, the adhesion is 
evaluated before and after the 17-hour CASS test by bending the 
extruded element by 90° (which produces a rupture of the metal) and 
then applying a piece of adhesive "Scotch" tape to the zone of the 
bend and lifting this tape (separation test) . The results obtained 
are summarized in Table 7 below. 

TABLE 7, pages 35 

The extruded elements consisting of aluminum treated according 
to the invention are covered with natural oxide and grease spots 
and fingerprints. The zones initially with surface soiling having 
been marked with a drafting pencil, it was determined that the 
natural oxide, along with the grease spots and fingerprints, was 
totally eliminated after treatment. 

Under comparable conditions, the minimal treatment duration 
needed to obtain a surface active with respect to polymers is 
practically the same when the extruded elements are fixed or in 
continuous movement . 

The electrolyte, constituted by phosphoric acid and oxalic 
acid, presents a good power of penetration, and it was 
unanticipated that such an electrolyte would be capable of 
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producing a surface active with respect to polymers on very comple 
shapes. As shown by experiments 16A through 21A, a surface active 
with respect to polymers was obtained on the lower face of the 
extruded elements, without the need to arrange a cathode on this 
face 

It is appears, according to infrared analysis, that the 
excellent adhesion obtained with the various polymeric materials 
may be due to the combination of the crystal lographic structure of 
the oxide, which apparently produces a structural modification of 
the polymer films at the interface, and the nature of the 
microscopic chemical attack of the oxide surface. The polymer is 
less crystalline at the interface between the polymer and the 
aluminum oxide, because it assiomes a disorganized character. It i 
estimated that this state of relaxation provokes a bipolar ionic 
interaction or the existence of similar forces whose energy has a 
value close to that of the chemical bonds. 
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Whatever the theory, the invention provides an element 
coated with polymer of superior quality, constituted by a polymeric 
organic material that generates a film bonded to the surface of the 
aliaminum element by a layer of aluminum oxide active with respect 
to polymers and forming an integral part of the surface, the layer 
of oxide active with respect to polymers being characterized 
moreover by the fact that it conducts electricity. 

1) Process for uniting a polymeric organic material that 
generates films on an aluminiom element, characterized by the fact 
that it consists of: 

utilizing an aluminiom element whose surface is to be coated, 
submitting this element to an anodic treatment via the 
electrolytic phenomenon in an aqueous anodizing electrolyte 
maintained at a temperature previously determined to provide 
oxygen ions to said surface and to constitute an oxide layer 
with a determined thickness, 

continuing this anodic treatment with a current density 
previously determined to form this oxide layer during a time 
interval at least sufficient to achieve in practice the 
thickness limit of the layer determined by the current density 
at the previously determined temperature, 

the thickness limit being approximately determined from the 
ratio of the previously determined current density to the minimal 
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current density at which the layer is formed and reaching a 
thickness limit that corresponds to the previously determined 
temperature, 

this thickness limit of the layer for the previously 
determined current density being obtained when an equilibrium is 
obtained in practice between the formation rate and the rate of 
dissolution of the oxide layer, which forms an oxide active with 
respect to polymers on the surface of the layer, 

and then applying a polymeric organic material that generates 

films to the treated surface. 

2) Process according to Claim 1, characterized by the fact 
that the current density in the previously determined temperature 
range is comprised between a minimal value needed to form the oxide 
layer and a higher current density corresponding to the formation 
of the oxide layer having a thickness limit smaller than or equal 
to 6.35 lam, 

3) Process according to Claim 2, characterized by the fact 
that the higher current density corresponds to the formation of an 
oxide layer having a thickness limit of less than or equal to 
approximately 2.54 ]am. 

4) Process according to any of Claims 1 through 3, 
characterized by the fact that the previously determined current 
density determined for the previously determined temperature is /IS 
comprised between the minimal current density at which the oxide 
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layer is formed and a current density higher or lower than or equal 
to 37 times the minimal current density. 

5) Process according to any of Claims 1 through 4, 
characterized by the fact that the aliaminum element initially 
carries an anodized layer that is modified by at least partial 
dissolution during the treatment, in order to forma layer active 
with respect to polymers on its surface. 

6) Process according to Claim 5, characterized by the fact 
that the aqueous anodizing electrolyte is constituted by a solution 
of phosphoric, chromic, sulfuric, oxalic acid or mixtures of the 
same and carbonates of alkali metals. 

7) Process according to any of Claims 1 through 6, 
characterized by the fact that the film-generating organic material 
is chosen among the acrylic resins, epoxide resins, silicone 
resins, halogen-substituted hydrocarbon resins, polycarbonate 
resins, polyimide resins and polyurethane resins. 

8) Process for uniting a polymeric organic material that 
generates films on an aluminum element, characterized by the fact 
that it consists of: 

utilizing an aluminum element whose surface is to be coated, 
submitting this element to an anodic treatment via the 
electrolytic phenomenon in an aqueous anodizing electrolyte 
containing from 5 to 30 % by volume of phosphoric acid, 
maintained at a previously determined temperature in the range 
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of from 18 to 79.5 ''C, to provide oxygen ions to said surface 
and to constitute an oxide layer with a determined thickness, 
continuing this anodic treatment with a current density 
previously determined to form this oxide layer during a time 
interval at least sufficient to achieve in practice the 
thickness limit of this layer determined by the current 
density at the previously determined temperature, 

the thickness limit being approximately determined by the 
ratio of the previously determined current density to the minimal 
current density at which the layer is formed and reaching a 
thickness limit that corresponds to the previously determined 
temperature, 

this thickness limit of the layer for the previously 
determined current density being obtained when an equilibrium is 
obtained in practice between the formation rate and the rate of 
dissolution of the oxide layer, which forms an oxide active with 
respect to polymers on the surface of the layer, 

and then applying a polymeric organic material that generates 

films to the treated surface. 

9) Process according to Claim 8, characterized by the fact 
that the current density previously determined for the previously 
determined temperature range is comprised between the minimal 
current density at which a layer of oxide is formed and a current 
density higher of lower than or equal to approximately 37 times the 
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minimal current density. 

10) Process according to Claim 9, characterized by the fact 
that the current density previously determined at the previously 
determined temperature is lower than or equal to approximately 7 
times the minimal current density. 

11) Continuous process for attaching a film- genera ting 
coating material to an aluminum element comprising an adherent 
surface layer of aliominum oxide, characterized by the fact that it 
consists of: 

continuously wetting this element with an electrolyte solution 
capable of eliminating the aluminum oxide, 
submitting this element, when it is in contact with the 
electrolyte, to the action of an electrical current whose 
surface density is sufficient to eliminate the oxide, 
continuing the treatment of the element with the previously 
determined current density in order to form there a layer of 
fresh oxide having a definite thickness over a time interval 
at least sufficient for the thickness of the layer to achieve 
in practice that value limit determined by the current density 
at the previously determined temperature, 

the value of the thickness limit of the layer being linked 
to the ratio of the previously determined current density to the 
minimal current density at which the oxide layer begins to form and 
reaching a value limit corresponding to the minimal current 



57 



density, 

this thickness limit of the layer for the previously 
determined density being reached when at equilibrium is achieved in 
practice between the formation rate and the rate of dissolution of 
the oxide layer with formation of an oxide active with respect 7 40 
to polymers on its surface, 

then applying a film-generating organic material to the 

treated surface. 

12) Process according to Claim 11, characterized by the fact 
that said current density for the previously determined temperature 
is comprised between a minimal value necessary for the formation of 
an oxide layer and a higher current density corresponding to the 
formation of the oxide layer having a thickness limit lower than or 
equal to approximately 6.35 ym. 

13) Process according to Claim 12, characterized by the fact 
that the higher current density corresponds to the formation of an 
oxide layer having a thickness limit lower than or equal to 
approximately 2.54 lam. 

14) Process according to Claim 12, characterized by the fact 
that the previously determined current density for the previously 
determined temperature is comprised between minimal current density 
at which an oxide layer is formed and a current density higher than 
or equal to 37 times the minimal current density. 
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15) Process according to any of Claims 11 through 14, 
characterized by the fact that the aqueous electrolyte for 
anodization is constituted by a solution of phosphoric, chromic, 
sulfuric or oxalic acid and their mixtures and of carbonates of 
alkali metals. 

16) Process according to Claim 15, characterized by the fact 
that the electrolyte is a solution containing from 5 to 30 % by 
voliame of phosphoric acid and that it is maintained at a 
temperature comprised between 18 and 79.5 °C, 

17) Process according to Claim 15, characterized by the fact 
that the electrolyte is a solution containing from 5 to 30 % by 
volume of sulfuric acid and that the temperature is held between 
approximately 18 and 79.5 "^C. 

18) Process according to any of Claims 11 through 17, 
characterized by the fact that the film-generating organic material 
is chosen among the acrylic resins, the epoxide resins, the 
silicone resins, the halogen-substituted hydrocarbon resins, the 
polycarbonate resins, the polyimide resins and the resins of 
polyurethane , 

19) Apparatus for the continuous electrochemical surface 
treatment of an element consisting of metallic aluminum, 
characterized by the fact that it comprises a device for the 
continuous transport of the metallic element into a treatment zone, 
a hydraulic circuit comprising a wetting head adjacent to the metal 
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passing through said zone and aimed in general toward the metal, 
this circuit comprising furthermore a device for continuously 
supplying the head with electrolyte, so that the electrolyte will 
be distributed over the metallic element in movement, a device for 
supplying electrical power comprising a device for producing an 
anodic electrical coupling with the metallic element and an 
electrical connection with the electrolyte of the hydraulic 
circuit, so that the electrolyte will complete an electrochemical 
circuit as it flows continuously from the head onto the metal. 

20) Device according to Claim 19, characterized by the fact 
that wetting head is a spraying head. 

21) Device according to Claim 19, characterized by the fact 
that the device for transporting the metal comprises at least one 
roller whose surface is in part exposed to the action of the liquid 
electrolyte, which spreads after having been distributed by the 
head on the length of metal. 

22) Device according to Claim 19, characterized by the fact 
that it comprises a collector for recovering the electrolyte, and 
by the fact that the transporting device is constituted by 
cylinders supporting the mobile length of metal, which are 
partially immersed in the electrolyte recovered in the collector. 

23) Device according to Claim 22, characterized by the fact 
that the collector comprises a drain that includes a device for 
limiting the rate of drainage and maintaining the level of the 
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electrolyte in the collector. 

24) Device according to Claim 23, characterized by the fact 
that it comprises a device for recycling the electrolyte from the 
collector into the wetting head. 

25) Device according to Claim 24, characterized by the fact 
that the recycling device includes an electrolyte reservoir. 

26) Device for the continuous electrochemical surface 
treatment of an element produced from metallic aluminum, 
characterized by the fact that it is constituted by a device for 
the continuous transport of the metallic element into the treatment 
zone, by a hydraulic circuit comprising a wetting head adjacent to 
the metal passing through the zone and aimed in a general fashion 
toward this metal, this circuit comprising furthermore a device 
for supplying the head with electrolyte so that the latter will 
distribute the same onto the mobile metallic element, by a 
collector positioned above the wetting head and the metallic 
element passing through the zone in order to collect the 
electrolyte, by a drainage device operating in association with the 
collector and comprising a device for restricting the rate of 
outflow and regulating the electrolyte level in the collector, by a 
recycling circuit connecting the drainage device of the collector 
to the device of the hydraulic circuit supplying the wetting head 
in order to recycle the electrolyte into the hydraulic circuit, by 
an electrolyte reservoir coupled to the recycling circuit and 
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comprising a device for recycling electrolyte from the reservoir 
into the hydraulic circuit, by a device for supplying electricity 
comprising an electrical contact with the metallic element and an 
electrical connection with the electrolyte of the electrical 
circuit, so that, in the presence of a continuous flow of 
electrolyte applied to the metallic element by the wetting head, an 
electrochemical circuit will be formed via the intermediary of this 
flow. 

27) Device according to Claim 26, characterized by the fact 
that the electrolyte reservoir comprised a device for heating the 
electrolyte, and by the fact that the wetting head comprises a 
temperature sensor permitting determination of the temperature of 
the electrolyte in the wetting head, this sensor inducing the 
regulation of the heating device for the reservoir. 

28) Device according to Claim 26, characterized by the fact 
that the wetting head can be regulated vertically relative to the 
metallic element passing through the zone of treatment. 

29) Device according to Claim 26, characterized by the fact 
that the wetting head is a spraying head comprising a flat bottom 
pierced with small holes, the effective surface of the openings in 
the bottom being such that, as a function of the continuous flow of 
electrolyte, it forms several continuous currents of electrolyte on 
an apparent surface of the element. 
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30) Device according to Claim 29, characterized by the fact 
that the width of the spraying head is greater than the width of 
the metallic element that it covers. 

31) Device according to Claim 26, characterized by the fact 
that the wetting head is constituted by at least one porous roller 
capable of turning, designed to apply electrolyte to the mobile / 
metallic element. 

32) Apparatus according to Claim 31, characterized by the 
fact that it comprises several porous rollers driven synchronously 
with the rate of advance of the metallic element, 

33) Device according to Claim 31, characterized by the fact 
that the porous roller is almost in contact with the apparent 
surface of the metallic element. 

34) Device according to Claim 31, characterized by the fact 
that it comprises several spaces porous rollers, arranged above and 
below the length of metal and nearly in contact with the upper and 
lower surfaces of the metallic element, these rollers being driven 
synchronously with the rate of advance of the metallic element, 

35) Manufactured article, characterized by the fact that it 
is constituted by an aluminum element coated with polymer on that 
surface to which a film-generating polymeric organic material is 
fixed via the intermediary of a layer of aluminum oxide active with 
respect to the polymer, forming an integral part of the surface, 
this layer being moreover electrically conductive. 
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36) Manufactured article characterized by the fact that the 
film-generating polymeric organic material is chosen among the 
acrylic resins, the epoxide resins, the silicone resins, the 
halogen-substituted hydrocarbon resins, the polycarbonate resins, 
the polyimide resins and the polyurethane resins. 

37) Manufactured article according to Claims 35 and 36, 
characterized by the fact that the film-generating polymeric 
organic material is a halogen-substituted hydrocarbon. 

38) Manufactured article according to Claim 37, characterized 
by the fact that the halogen-substituted hydrocarbon is vinylidene 
chloride , 

39) Manufactured article according to Claim 27, characterized 
by the fact that the halogen-substituted hydrocarbon is 
polytetraf luoroethylene . 

40) Manufactured article according to Claim 35, characterized 
by the fact that the film-generating polymeric hydrocarbon material 
is an acrylic resin in the form of a copolymer of methyl acrylate 
and methyl methacrylate . 
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La present invention conceme le traitement superfici 1 d 
I'alTiminium et en- particulier , un precede et un appareil pour 
realiser sur c lui-ci ime surface active vis-a-vis des polymeres 
t pour lui fixer fortement un revStement protecteur d'un produit 
5 organique generat ur de films. L- invention conceme egalem nt 
des produits ainsi obtenus. 

On a propoae.de nombreux precedes pour unir des polymeres 
generateurs de films a des surfaces d' aluminium mais, en general, 
1' union entre le film de polymere et 1« aluminium n'est pas parti- 
0 culierement satisf aisante . Fn polymere qu'il est particulierement 
difficile d'unir k I'aluminium est le polytetrafluoroethyl^ne 
(connu egalement sous la denomination commeroiale de "Teflon"). 

Un precede propose consiste a intarposer une coucbe d'appret 
intenaediaire entre la surface metallique et la couche de poly^ 
5 aero. Ce precede neceasite une manipulation difficile de ces ma- 
tidres, est asses cofiteux ot n' assure pas un revetement fort m nt 
adherent. Un des probldmes principaui de ces procedes ou 1* union 
a gen^ralement un caract^re physique, eat dfl aux caracteristiques 
intrinseques de non adherence du polytetrafluoro ethylene. 

Un precede propose dans le brevet des Etata-Unis d'Amerique 
n» 2 94* 917 consiste a rialiser des cavites d'ancrage dans une 
surface d'aluminium caracterisees par des creux realises par 
attaque ayant une taille moyenne inf erieure d 30 pa. On depose 
sur la surface, une dispersion aqueuse de polyt^trafluoroethyldne 
sous forme d'une succession de couches Slementaires , chacune des 
couches etant sech6e et fondue avant qu'on depose la couche sui- 
vante. Ce type d'xinion est de nature aecanique. 

Dans un autre precede, decrit dans le brevet des Etats-Unis 
d'laerique n«» 3 304 221, on applique du polytetrafluorogthyl4ne 
a un substrat (par exemple en aluminium) rendu rugueux, sous for- 
me d'une poudre enjsrains mesurspat au moins 7^ pa. puis on super- 
pose un film continu du mSme materiau a une temperature d'au 
moins 343»C environ pour former un stratifi^ & union aecanique. 

Gfeeralement, 1 'utilisation de films anodises destines k 
recevoir des revgtements de polymeres, necessitait dans 1' art 
anterieur 1 'Titilisation de films d'oxyde relativement epais (jus- 
qn'a 0,025 ma eu plus) caracterisSs par un degre de poresite su- 
perficielle orelativement eleve. On a signale qn'en general lea 
facteurs augmentant la porosite d'un film d'oxyde anedique ame- 
liorent I'adheaion d'une peinture ou d'un revStement organique. 



2252421 < 



Pour obtenir le degre desire de porosite, on r'alisaii; des rilms 
anodiques relativement epais, ce qui neceesitait dee dureea de 
traitement assez longu s et/ou des densites de courant elevees- 
Ces t chniques presentent peu d'interet du point d« vue economi- 
5 que, par suit du cofit de formation de films epais -d'oacyde et 

du fait que les films d^oxyde msi obtenus ne presentent pas irou- 
Jours de bonnes caracteristiques d*union avec les jJiolymSres or- 
ganiques generatexirs de films. 

On rechercbe done un precede de traitement anodique des 
10 BUirfaces d' aluminium pour les rendre actives vis-.a-:irLs d'\m spec- 
tre etendu de polymeres, sans qu*il soit necessaira de realiser 
des revetements epais d'oxyde. ' 

L' invention a pour objet un precede ameliore d^roiion d'un 
polymere g§nerateur de films a une surface d'aluminiTim, fournis— 
15 sant un produit ameliorS en alinninium rev§tu de polymere, carac- 
terise par une force d 'union accrue, en parti culier dsns des 
conditions d ' environnement tendant 4 attaquer les mibstrats d"* 
aluminium non proteges, ainsi qu'un apparei"! capable ^n continn 
de nettoyer et de revetir des produits d* aluminium d'^un materiau 
20 organique generateur de films. 

L' invention sera mieux comprise a la lecture -ris la descia-p- 
tion qui suit faite en regard des desslns annexes dBiiB lesquels : 

la figure 1 represente un diagramme scbematigu© d.'une sxa>- 
cession de stades de mise en oeuvre du precede de 3. "invention 
25 la figure 2 represente une perspective Bimplxfiife et en 

partie decoupee, d'un appareil de 1' invention correspondant a une 
partie de la figure 1 ; 

la figure 5 represente une coupe realis^^ (^j^j^t^ im plan ver- 
tical passant par la ligne 3-3 de la figure 2-, ou «>ertain3 ele- 
30 ments ont ete partiellement decoupes ; 

la figure ^ represente une perspective Bimplifi^ee d'une 
autre structure de la partie d* appareil illustree j^ar la figure 
2 ; 

la figure 5 represente une coupe d'un des elemHECts de la 
35 figure 4, realisee de fagon genferale selon le plna 5-5 de la fi- 
gure 4 ; 

la figure 6 represente une vue fragmentaire simplifiee ea 
6l6vation laterale illustrant le f onctionnement de JL* appareil 
de la figure ^ ; 

40 la figure 7 represente une vue fragmentaire s±ng>lif i4e -en 
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perspective illustrant une autre rariante de 1 • invention ; 

la figure 8 represente un graphique montrant que I'epais- 
seur limit de I'oxyde (figurant en mm sur I'echelle des ordon- 
nees) est proportionnelle a la denaite de courant (A=0,54 A/dm^ - 
.5 B = 1,07 A/dm ; C = 1,61 A/dm^) i-^ch He des abscisses repre- ' 
sentant la charge surfacique en A-mn/dm^, et que I'on obtient 
la structure d'oxyde actif vis-a-vis du polymere lorsque la dis- 
solution du film d'oxyde se produit ; 

les figures 9 et 10 representent des courbes semi-logarith- 
10 mxques de la densite du courant (A/dm^) en ordonnees, par rapport 
a la temperature (oc) en abscisses, lore de la production de 
structures d'o^de actif vis-a-via des polymeres lorsqu'on uti- 
lise respectivement des solutions d'anodisation constituees d- 
acide sulfurique et d'acide pbosphorique ; 

la figure 11 represente ua grapMque du rapport entre le 
degre de corrosion (represente en ordonnees) et le pourcentage 
represente en abscisses, de defectuosite superf icielle des sur- 
faces d' aluminium traitSea. 

De faQon gen6rale, le procede de 1-invention consists a 
ntxliser un element d'aluminium propre, a squmettre cet element 
a un traitement electrolytique. anodique dans un electrolyte ■ 
aqueux d'anodisation maintenu a une temperature prealablement 
determines pour apporter des ions oxyg^ne 4 la surface de l'6le- 
ment, en y formant une couche d'oxyded'epaisseur determinie, a 
25 ppursuivre le.traitement anodique avec une density de courant 
prealablement determines pour former cette couche d'oxyde pen- 
dant une duree au moins suff isante pour obtenir I'epaisseur de- 
terminee d la temperature determinee et dissoudre en partie cett 
couche d'oxyde pendant la formation anodique de I'oxyde de facon 
a realiser une surface d'oxyde actif vis -S-vis des polymSres, 
puis a appliquer une matiere ■ organique polymdre generatrice de 
films a la surface trait ee. 

On prefere, pour obtenir les result ats optimaux, conduire 
le traitement anodique pendant une duree au moins suffisante pour • 
55 realiser une couche d'oxyde ayant une epaisseur limite ou maxi- 
male d6terminee par la densite de courant choisie et la tempera- 
ture de 1- electrolyte, I'gpaisseur limite de la couche dependant 
du rapport de la densite de courant choisie 4 la densite de cou- 
rant minimale pour laquelle on pent former la couche d'oxyde 
I'epaiaseur limite de la couche, pour une density de courant par- 
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ticulidre, st obtenue par equilibre entre la yitesse de formatim 
et la vitesa de dissolution de la couche d'oxyde pendant' la sur- 
face de I'oxyde active vis-a-vis des polymeres. Done, lorsque 
la densite de courant prealablement choisie est superieure a la- 

5 densite de courant minimale, le rapport des epaisseurs limites 
des couches pour les deux densites de courant est superieur a 1, 

L'epaisseur limit e de la couche, pour une densite de courant 
•particuliere, varie avec 1' electrolyte et les conditions opera- 
toires, en particulier avec la temperature qui agit sur la vi- 

10 tesse de dissolution. 

Un avantage du procede d'ohtention de couches d'oxyde acti- 
ves vi&d-vis des polymeres de 1' invention est que des- couches 
poreuses epaisses d'oxyde sont inutiles pour realiser 1 'union 
entre un polymere generateur de films et une surface d* aluminium, 

15 bien qu'on puisse utiliser de telles couches epaisses d'oxydew 
La couche d'oxyde active vis-a-vis des polymdres pent avoir une 
§paisseur tres faible, par example inferieure a 6,35 }im ou mSme 
inferieure a 2,5^ pm, ou mieux d'au plus 0,76 }m en permettant uib 
union tres robuste avec le polymere applique/ Comme des couches 

20 d'oxyde tres minces donnent de bons resultats, on pent utiliser 
des durees de traitement anodique tres breves, ce qui constitue 
un avantage economique du procede de 1' invention. 

L'oxyde actif ou receptif vis-a-vis des polymeres demeurant 
a. la surface est caracterise par le fait qu'il est conducteur de 

25 I'electricite.. 
/ £e procede de 1* invention convient particulierement a une ' 

mise en pratique continue et on pent le mecaniser en utilisant 
un appareil permettant de transporter en continu une longueur d' 
aluminium metallique dans une zone de traitement, un circuit hy- 

50 draulique renfermant une tgte de mouillage disposee de f a^on " 

generale au voisinage du m6tail vers lequel elle est dirigee lors- 
qu*il traverse la zone, un circuit comportant un dispositif pour 
alimenter en continu la tete de mouillage en -electrolyte pour 
qu'il soit applique au metal en mouvement, un dispositif d'ali- 

35 mentation en electricite comportant un dispositif pour realiser 
un couplage electrique anodique de la longueur de metal et un 
raccord electrique a une cathode en contact avec 1 ' electrolyte 
du circuit hydraulique, de telle sorte qu'en presence d'un cou- 
rant d* electrolyte liquids pulverise en continu par la tete sur 
,40 le metal, un circuit electrochimique soit complete par ce courant. 
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Le couplage electrique avec la longueur de metal peut etre cons- 
titu6 par un contact electrique direct ou un contact par I'in- 
tennediaire de 1' electrolyte qu'on peut, par ' exemple . obtenir en 
utilisant une disposition bipolaire des electrodes. 

Dans ie cas ou 1' element n aluminium presente d6di une cou- 
che d'oxyde avant le traitement, on le nettoie par mise i nu 
electrolytique in situ et on poursuit le traitement avec une den- 
site de courant et une temperature prealablement determinees 
pour rSaliser un equilibre entre la vitesse de formation et la 
Vitesse de dissolution et obtenir une surface d'oxyde active 
vis-i-vis des polymeres. 

Les variables principales, dont on doit tenir compte lors- 
qu'on applique le precede de 1' invention k un element d' aluminium 
en utilisant un eleotrolyte d'anodisation, sont la density de 
15 courant, la temperature et la duree. On cboisit de preference 1' 
electrolyte parmi I'acide phosphorique, I'acide chromique, 1" 
acide sulfurique, I'acide oxalique et des melanges de ces acides, 
et les carbonates de metal alcalin- 

les polymdres formant lea revetementa desires sur 1' alumi- 
nium sont ceux connus comma polymeres organiques generateurs de 
films. Des exemples de tels polymeres generateurs de films sont : 
1) les resines acryliques telles que les copolymdres d 'esters d' 
acide acrylique et d' acide mSthacrylique, et en particulier un 
copolymere d'acrylate de methyle at de metHacrylate de methyle ; 
25 2) les resines epoxydes telles que I'etHer glycidyllque du bis- 
pbenol durci par la triethylenetetramine ; 

3) les resines de silicone ; . 

4) lea hydrocarbures halogenes tela que lechlorure de polyviny- 
lid^ne, le polychlorotrifluoroethylene le polytetrafluoroethy- 

30 lene et similaires ; 

5) des resines de polycarbonate telles que le polyCcarbonate de 
bisphenol A) ; 

6) des resines de polyimide ; 

7) des polymeres hydrocarbones tels que le polypropylene et 1 
35 polyethylene ; . 

8) des resines de polyure thane. . 

Ppur mettre en oeuvre un precede avantageux de 1 'invention, 
la density de courant et la temperature de I'electri^^te dlanodi- 
sation que I'on a prealablement dSterminees -doivent Stre au moins 
suffisantes pour qu'on obtienne pratiquement, apres une dur6e 
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euffiaante de traitement anodique, un equilibre entre la vitesse 
de formation et la vitesse de dissolution du film d'oxyde.Lorsque 
ceci se produit, on obtient un f ilm -d'oxyde d' epaisseur limite 
ou maximale, apres une duree donn6e au-dela de laquelle I'epais- 

5 seur du film d'oxyde n'augmente plus. Pour des durees de traite- 
ment prolongees apres formation du film d'epaisseur limite, on 
pent constater une tendance a la diminution de I'epaisseur. L* 
expression "pratiquement en equilibre" correspond egalement au 
cas ou on observe une diminution de I'epaisseur limite du film 

10 par suite d'une legere augmentation de la vitesse de dissolution 
par rapport a la vitesse de formation. II convient de noter que 
I'epaisseur limdte du film varie avec I'alliage d' aluminium par- 
ticulier a anodiser, les autres conditions etant 6gales par ail- 
leurs • 

15 De faQon generale, avant I'anodisajtion, on nettoie 1* alumi- 

nium avec un agent de nettoyage alcalin qui renferme generalement 
un inhibiteur protegeant la surface de 1* aluminium de I'attaque 

chimique par 1 ' environnement alcalin. La presence de ces inhi- 
biteurs pent retarder la dissolution de la surface d*oxyde formee^ 

20 auquel cas il est Important de conduire le precede d'anodisation 
en utiiisant la densite de co\irat et la temperature prealablement 
determinees pendant une duree suffisante pour obtenir le film 
d'epaisseur limite, ce qui assure la dissolution et la formation 
ultorieure de la surface d'oxyde active vis-a-vis des polymeres. 

25 Si la solution de nettoyage ne renferme pas d'inhibiteur, ceci 
facilite la dissolution et la formation ulterieure de la surface 
d'oxyde active vis-a-vis des polymeres lorsqu'on traite 1' element 
en aluminium selon 1' invention. 

L' importance qu'il y a a realiser la surface d'oxyde active 

30 vis-a-vis des polymeres avec un film d'oxyde presentant I'epais- 
seur limite ressort de la lecture de I'exemple 1 et de I'examen 
de la figure 8 qui montrent les rapports entre I'epaisseur limite 
de la couche d'oxyde et la densite de courant appliquee. 
EXKMPLE 1 

35 On conduit des essais en utiiisant comme electrolyte, une 

solution d'acide sulfurique a 12% en volume a 22,2°C avec des 
panneaux d*alliage d • aluminium 1 100 polis, mesurant 50 x 150 mm. 
On soumet chaque panneau a un pretraitement consist ant (1) a le 
nettoyer- par trempage dans une solution de nettoyage moderement 

40 alcaline du commerce renfermant des inhibiteurs ; (2) a le rincer 
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a I'eau ; (3) a le pionger dans, xine solution d'acide nitrique a 
50 . volumes ^pendant 15 secondes et W a 1 rinc r d I'eau. On 
place le panneau dans 1 ' electrolyte constitue par I'acide sulfu- 
riqua, puis on le retire, en faisant passer du cpurant a travera 
des fils electriques. On regie le redresseur k la valeur desiree 
avant le traitement. On n'agite pas le Dain pendant le traite- 
ment anodique. On utilise un voltametre Vari Tech modele VT 
1176A pour mesurer la quantity de couraiit electrique. On mesure 
I'^paisseur du film d'oxyde sur une section polie, en utiliaant 
un mcroscope equip6 d'un objectif ayant un grossissement de 40 
et d'un oculaire micrometrique ayant un grossissement de 6. 

Apres le traitement anodique, . on soumet le panneau a I'ac- 
tion d'un Jet d'air i 25, ^''C et on decoupe un echantillon a la 
partie centrale, pour mesurer I'epaisseur de I'oxyde. On applique 
15 alors un revStement en .trempant le panneau dans une solution d 
tetrahydrof uranne renf ermant 60 g/1 de polymere de chlorure de 
vinyttd^ne. On sdche le rev§tement 4 I'air entre 22 et 25,5»C. On 
determine 1' adhesion du' revStement selon un test de pliage a 
180»C et un test d • arrachement avec du ruhan adhesif apres avoir 
20 expose le panneau a un environnement CASS pendant une duree con- 
tinue de 17 heures. Les valeurs sont lea suivantes : trds "bon, 
le revStement ne se aepare pas' de la surface dans la zone pll6e ; 
■bon, 25 % au plus du revStement sont sieves de la surface dans 
la zone pli^e ; assez bon, 25 i 50 % du revetement sont enleves 
25 de la surface dans la zone pli^e j mauvais, plus de 50 ?6 du re- 
vStement sont enlevSs de la surface dans la zone pli^e. 

Le test CASS est un test standard. d' evaluation de la resis- 
tance a la corrosion des surfaces d 'aluminium traitees, corres- 
pendant au test accSlere a I'acide acetique et en brouillard sa- 
50 Im d'^tude du cuivre repondant a la norme ASOM 368-64 T. 

Le protocole utilise pour Svaluer la resistance a la corro- 
sion est semblable au precede ASIEM d6crit en detail dans le 
Committee Eeport 1953 (Proc. Am. Soc. Test. Mat. 265, 1953). 
On determine le degre de corrosion en calculant le pourcentage ' 
>3 pondere de surface defectueuse et en lisant la valeur sur la 
courbe de conversion illustree par la figure 11. 

Pour realiser 1 • evaluation, on determine le pourcentage de 
surface defectueuse en comparant les echantillona i des tableaux 
standards illustrant des valeurs CASS comprises entre 0 et 10. 
Comme le montre la figure 11, on voit par exemple qu'une valeur 
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CASS de 7 correspond a im pourcentage-pondere de surface defec- 
tueuse de 0 5 et qu'una valeur de 5 correspond a un pourcentage 
Pond^re de 2,0. Une valeur CASS de 7 est done, en ce ,ui concle 
le pourcentage de suxrace defect use, 4 fois superieure a une 
valeur CASS de 5. Lors^n'on desire evaluer la resistance ^ long 
terme du revetement, on determine . les valeurs CASS apres 17 
heures, ce test de 17 heures const ituant une evaluation trSs 
severe. 

On traite cHacun des panneaux d'aluMnium pendant des durees 
dxverses avec un electrolyte constltu6 d'acide sulfurique et on 
mesure 1 epaisseur du film d'o^de a des intervalles determines 
pour des densites de courant de 1,61. 1,07, et 0,54 A/dm^. 
on revet ensuite les couches d'oxyde du polym^re de chlorure de 
vlnylxdene comme precedemment indique. Les resultats figurent 
5 dans le tableau 1 suivant : 

TABLEAU 1 pat^e Q 

Comme le montrent le tableau 1 ot le figure 8 qui lui correspond, 
dans laquelle les echantillons (•. presentent de tres bon- 

nes caracteristiques d- union avec les revStements de polymere de 
chlorure de • vinylidene , alors que tous les autres echantillons 
presentent de mauvaises caracteristiques d? union, lorsqu'on 
attexnt l-epalsseur limite du film d'oxyde pour une densite de 
courant particuliere , I'union du revgtement de poly^ire de chlo- 
rure de vinylidene est tres bonne. Pour les valeurs situees sur 
les pentes des courbes de la figure 8, on voit que le film d- 
oxyde n'est pas actif vis.-^-vis du polymere etr qu'il ne devient " 
actif vxs-a-vis du polymere que lorsque la dissolution se pro- 
duit pour I'epaisseur limite du film, les tres bonnes valeurs . 
CASS determxnees selon la courbe de la figure 11, apres sejour 
pendant 17 heures dans 1 ' environnement CASS sont d'au moins 
8 environ. 
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Expe- 
rience 



Coulombs 



Diir^e 

traite- ^^'^^ 
ment 



Charge 
svtrfa- 
cique 
{A-mn/dm ) 



Epaisseur 
de I'oxyde 
(ntm) 



Adhesion du revfite- 
ment de chlorure de 
vinylid&ne apr$s le 
t St CASS de 17 h 



1 
2 

3 
4 
5 
6 
7 
8 
9 
lO 
11 



Pens it 6 nominale de courant = 1.61 A/dm^ 



6 


540 


9,69 


0,0O333 


10 


960 


17,22 


0,00445 


35 


3150 


56,51 


0, 016OO 


40 


3860 


69,21 


0,0200 


50 


4710 


84, 50 


0,0235 


60 


5370 


96,34 - 


0,0267 


66 


60O0 


107,64 


0,0302 


70 


6630 


118,95 


0,0310 


80 


6950 


124,87 


0,0315 


90 


8330 


149, 09 
172,23 


0,0311 


108 


9600 


0,0307 



mauvaise 



tr&s bonne 



12 
13 
14 
15 
16 
17 
18 



Density nominale de courant = 1,07 A/du? 



30 


1784 


31,97 


0,O089 


50 


2904 


59,10 


0, 0140 


60 


3524 


63,19 


O,0173 


70 


4108 


75,03 


0,0209 


80 


4717 


87,71 


0,0222 


loo 


5989 


107,64 


0,0222 


120 


6974 


124,87 


0,0217 



mauvaxse 



tr^a bonne 



19 
20 
21 
22 
23 



Density nomina le de courant - 0,54 A/du? 



30 


844 


15,07 


0,0044 


50 


1402 


25,19 


0,0072 


63 


1800 


32,30 


O,0084 


90 


2551 


45,74 


0,0098 


120 


3460 


61,57 


0,0089 



mauvaxse 



tr^s bonne 
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Coanne le montre la figure 8, I'epaisseur limi1?e du film de- 
pend d la densite de courant utilisee, les autres conditions 
etant egales par ailleurs. Dbnc, en reglant la density de courant 
a \me valeur particuliSre, on p ut realisei^un film fl"epaisseur 

5 limite determinee dont la surface est constituee d'^nn oxyde actif 
vis-a-vis du polymere, A cet egard, 1* invention presents I'avan- 
tage de permettre d'utiliser \me gamme relativement etendue de 
conditions d'obtention de films tres minces act if s T?iB-a-vis des 
polymeres, sans necessiter des durees de trait emeirfc jirolongees. 

10 Po\ir illustrer la fagon dont on peut regler l^'epaissenr limite 
finale des films en fonction de la densite du courant et de la 
temperature, on realise des essais but un alliage ^'aluminium de 
type 3003. On determine les densites de courant poirr lesquelles 
on. peut obtenir les films d'oxyde actif vis-a-vis des polymeres, 

15 en etablissant tout d'abord la relation logarithsri-titte entre la 
temperatxire de 1' electrolyte et la density d-e courant minimale 
pour laciuelle on obtient une surface active vis-a-vd^ des polymeres 
ayant une epaisseur determinee, comme illustre par ies figures 
9 et 10. Ensuite, pour determiner la density de cnurant optimale 

20 ou maximale permise, on 'eleve la densite de courant .de la valeur 
minimale a la valeur correspondant d 1 * epaisseur l±miie desiree 
du film actif vis-a-vis des polymeres. On realise laes essais sur 
des panneaux d' alliage d* aluminium de type 3005 polis ^dans de 1' 
acide sulfurique a 15 volumes % et de I'acide phospkoxique a 20 

25 volumes % dans une gamme de temperatures rel.a1;ivemen* etendue . On 
nettoie les panneaux en : (1) frottant la surface rarec un tampon 
de coton sature d'une suspension d'oxyde de inagneTOim et d'eau ei; 
(2) rin^ant k I'eau en frottant la surface avec xtn "tissu de coton 
propra pour realiser 1' elimination complete de l'i5a;yd-e de magne- 

50 slum de la surface de 1 ' aluminium. On determine la diensite de 

courant minimale produisant un film actif vis-a-vls des polymeres 
d* epaisseur limite sur une surface d* aluminium n elUoyr ee, en ele- 
vant la densite de courant jusqu'a la valeur ou cm ©Ortient \m 
film d'oxyde actif vis-i-vis des polymeres, pr^seaiteEt une tria 

35 bonne adherence du polymdre de chlorure de yinylM^© apres 17 

heures de s6jotir dans 1 * environnement CASS, le po3;ymere etant 

applique comme decrit dans I'exemple 1. Ainsi, dans les figro^ ^ 

et 10, on ne peut obtenir une surface active vis-i^-TO.s des 

meres en dessous des lignea A et I qui correspondent aux densittiB 
40 de courant minimales. Les rSsultats obtenus figuMai* -dans Les 
tableaux 2 et 3 suivants ; 
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TARTJ!&TT O 

Alliage d 'aluminium 3008 et H2S0^ & 15 % en volume 



Temp6- 
N° rature 
(*C) 



DensxtS Dur^e charge , couleur Adherence du 

i I 3u film chlorure de 

S7^T f."'^^ 2, vinylidfene dans 

tA/am*) (nn) (A.mn/dm^) I'essai CASS 

; , de 17 heures 



A. Eesai pour la density de courant minimale 



24 25,56 + 0,56 

25 25,56 + 0.56 

26 25,56 + 0,56 

27 25,56 + 0,56 

28 25,56 + 0,56 

29 25,56 + .0,56 



0,048 


15,0 


0,73 


Claire 


tr^s bonne 


0,043 


15,0 


0,65 


Claire 


tr^s bonne 


0,038 


15,0 


0,57 


Claire 


•tr^s bonne 


0,032 


20,0 


0,55 


Claire 


tr^s bonne 


0,030 


20, O 


0,60 


Claire 


mauvaise 


0,028 


20,O 


0,43 


Claire 


mauvaise 



30 


41,4 .+ 0,56 


0,41 


5,0 


2,05 


Claire 


tres 


bonne 


31 


41,4 + 0,56 


0,24 


7,0 


1,66 


Claire 


tres 


bonne 


32 


41,4 + 0,56 


0,16 


10, O 


1,61 


claire 


tr^s 


bonne 


33 


41,4 ± 0,56 


0,13 


10,0 


1,29 


Claire 


tr^s 


bonne 


34 


41,4 + 0,56 


o,ii 


12,0 


1,29 


claire 


trea 


bonne 


35 


41,4 + 0,56 


0,086 


15, 0 


1,29 


claire 


mauvaise 



36 


54,44 + 0,56 


0,43 


5,0 


2,15 


claire 


tr^s bonne 


37 


54,44 + 0,56 


0,38 


6,0 


2,36 


claire 


tr^s bonne 


38 


54,44 > 0,56 


0,34 


8,0 


2,76 


claire 


tres bonne 


39 


54,44 + 0,56 


0,33 


8,0 


2,67 


claire 


tr^s bonne 


40 


54,44 + 0,56 


0,32 


7,0 


2,26 


claire 


mauvaise 


41 


54,44 + 0,56 


0,30 


8,0 


2,41 


claire 


mauvaise 
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Tempfi- Density Diar^e du Charge Couleur Adherence du 

rattire de traite- siarfa- du film chlorvire de 

{°C) corurant* ment cique d'oocyde vinylid&ne dans 

(A/dm?) (mn) (A.mn/dm^) I'essai CASS 



de 17 heures 











B. Density de courant 


maximale 






42 


25,56 


+ 


0,56 


1,18 


8,0 


9,47 


Claire 


tr^s 


bonne 


43 


41,4 


+ 


0,56 


4,19 


2,0 


8,40 


claire 


tr&s 


bonne 




54,44 + 


0, 56 


12,7 


i,o 


12,70 


Claire 


tr^s 


bonne 










C. Berisit^ de 


courant pr6f6r6e pour les 
films minces 




45 


25,56 


+ 


0,56 


0,17 


15,0 


2,58 


iris^e 


tres 


bonne 


46 


25,56 




0,56 


0,12 


11,0 


1,30 


iris^e 


trfes 


bonne 


47 


25,56 


+ 


0,56 


0, 11 


6,0 


0,65 


l^g^rement tr^s 
iris^e 


bonne 


48 


25,55 




0,56 


0,097 


10,0 


0,97 


claire 


trfes 


bonne 


49 


25,56 




0,56 


0,091 


io,o 


0,91 


claire 


tr^s 


bonne 


50 25,56 




0,56 


0,048 


20,0 


0,108 


claire 


tres 


bonne 


51 


25,56 




0,56 


0,045 


8,0 


0,37 


claire 


mauvaise 


52 


41,4 


+ 


0,56 


0,75 


2.5 


1,88 


iris^e 


tr^s 


bonne 


53 


41,4 




0,56 


0,54 


3,5 


1,88 


irisSe 


tr^s 


bonne 


54 41,4 


+ 


0,56 


0,38 


1,8 


1,88 


l6gSrement 
iris6e 


tres 


bonne 


55 


41,4 


± 


0,56 


0,24 


5,0 


1,18 


claire 


trSs 


bonne 


56 


41,4 


+ 


0,56 


0,20 


3,0 


0,61 


claire 


tr.^s 


bonne 


57 


55,44 


+ 


0,56 


3,39 


0,8 


2,54 


iris4e 


mauvaise 


58 


55,44 




0,56 


0,113 


1,8 


2,05 


l^g&rement 
iris^e 


tr^s 


bonne 


59 


55,44 


+ 


0,56 


0,108 


1,7 


1,82 


claire 


tr^s 


bonne 



* Density de courant constante. 
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TABIEAU 3 

Alliage d 'aluminium 3003 et acide phosphor igue a 20% en TOlune 



Temp^rar Density Dur6e du Charge couleur 

^"^t^A * surf a- du film 

( C) coi^ant tement cique _ d'oxyde 

(A/dnfcZ ) (nm) (A ,mn/dm^ ) 



Adherence du 

chlorure de 
vinyl id&ne 
dans I'essai 
CASS de 17 h 



A. Essai pour la density de courant minimale 



60 


27,78 ± 


0,56 


0,26 


lO, 0 




c la ire 


trfes bonne 


61 


27,78 ± 


0,56 


0,24 


in n 


^,37 


c la ire 


bonne 


62 


27,78 ± 


0, 56 




1 rv r\ 


2,26 


c la ire 


mauvaise 


63 


27,78 ± 


O, 56 


0,22" 


XSJ g \J 


i6 ,15 


claire 


mauvaise 


64 


36,11 ± 


0,56 


0,58 


4,0 


2,33 


c la ire 




65 


36,11 ± 


0,56 


0,56 


. 4.0 


2,24 


Claire 


boime 


66 


36,11 ± 


0,56 


0,54 


4.0 


2,15 


claire 


assez bonne 


67 


36,11 ± 


0,56 


0,52 


4.0 


2,10 


claire 


mauvaise 


68 


36,11 ± 


0,56 


0,50 


5.0 


2,48 


claire 


mauvaise 


69 


36,11 ± 


0, 56 


0,47 


5.0 


2,37 


claire 


mauvaise 


70 


52,78 - 


0,56 


3,01 


0,8 


2,41 


claire 


tres bonne 


71 


52,78 i 


0,56 


2,91 


0,8 


2,33 


claire 


tr&s bonne 


72 


52,78 ± 


0,56 


2, SO 


0,8 


2,34 


claire 


tres bonne 


73 


52,78 ± 


0,56 


2,69 


1,5 


4,04 


claire 


mauvaise 


74 


52,78 ± 


0,56 


2,58 


0,8 


2,07 


claire 


mauvaise 


75 


52,78 ± 


0,56 


2,37 


0.9 


2,13 


claire 


mauvaise 






B, 


Density 


de courant loaxlmale 






76 


27,78 ± 


0,56 


8,83 


1,5 


13,2 


claire 


tr^s bonne 


77 


36,11 ± 


0,56 


19,9 


1.0 


19,9 


claire 


tr^s bonne 


78 


52,78 ± 


0,56 


99, 0 


0,75 


74,3 


claixe 


tr^s bonne 
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TABIEAU 3 (suite) 



Temp6- density Dur6e du 
N** rature de trai- 

( °C ) courant tement 



charge c ou le ur 

surfa- du film 

cique d'oxyde 
(A/dm?) (ran) (A.mn/dm^) 



Adherence du 
chloriife de 
^inylid^ne 
dans I'essai 
CASS de 17 h 



C. Density* de courant pr6f6r6e pour les films minces 



79 


27,78 




0,56 


0,59 


4,0 


2,37 


iris^e 




bonne 


80 


27,78 


+ 


0,56 


0,53 


4,5 


2,37 


irisSe 


±res 


bonne 


81 


27,78 


± 


0,56 


0,404 


5,0 


2,02 


l^g^remetifc -tr^s bonne 
iris^e 


82 


27,78 


± 


0,56 


0,98 


5.0 


1,99 


Claire 


tar^s 


bonne 


83 


27,78 


± 


0,56 


3,77 


5^,0 


1,88 


Claire 


iir^s 


bonne 


84 


36,11 


+ 


0,56 


1,51 


2,0 


3,01 


iris^e 


±x^s 


bonne 


85 


36,11 ± 0,56 


1,21 


2,0 


2,41 


iris6e 


±res 


bonne 


86 


36,11 


± 


0,56 


0,^2 


3,0 


2,76 


l^g^remeirt izrls 
xrxsSe 


bonne 


87 


36,11 


+ 


0,56 


0,87 


3,0 


. 2 , 62 


Claire 


^es 


bonne 


88 


36,11 


+ 


0,56 


0,48 


. 5,0 


2,42 


claire 




bonne 


89 


52,78 


± 


0,56 


0,62 


0,3 


1,87 


ixis^e 


Ifcr^S 


bonne 


90 


52,78 


± 


0, 56 


0,56 


0,4 


2,23 


l^g&remertt itrfes bonne 
iris^e 


91 


52,78 


± 


0,56 


0,49 


0,4 


0,198 


l^g^remeia: bonne 
irisSe 


92 


52,78 


± 


0,56 


0,47 


0,4 


0,189 


claire 


"tres 


bonne 



* Dens its de courant const ante. 
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Comm le montrent les figures 9 (acide sulfurique) et 10 
(acide phosph rique), la densite de courant permettant d'obtenir 
ua film d'oxyde d'^paisseur liaite a surface active vis-a-vis des 
polymdres varie de fa<;oii logarythmique avec la temperature, de 
sorte qu plus la temperature est elevee, et plus la density d 
courant minimale n^cessaire k I'obtentiorid'un film d'epaisseur 
limite I surface active vis-a-vis des pol'ym^res est elevee. Pour 
I'alliage d' aluminium 3005, le minimum correspond sur la figure 9 
(acide sulfurique) i la ligne AB, tandis que la valeur maximale 
desirable correspond 4 la ligne DC, les valeurs de la ligne DC 
pour une temperature cboisie itant environ egales a 37 fois les 
raleurs minimales.de la ligne AB. La gamme prefers e est delimitee 
par la surface ABH6, les valeurs sur la ligne GH pour une tempe- 
rature donnie 4tant egales k environ 7 fois les valeurs minimales 
15 de la ligne AB. Tine densite de courant preferee pour obtenir des 
films d'oxyde actifs vis-a-vis des polym^res, tres minces et 
clairs, sur I'alliage d' aluminium 3003, correspond i la zone ABPi; 
les valeurs de la ligne EF pour une temperature choisie etant 
egales a environ. 3, 5 fois les densites de courant minimales de la 
20 ligne AB. II convient de noter que dans la figure 9, la densitg 
• de courant pr6f§ree est 4gale au dizieme seulement de la densite 
de couranlAiormalement utilisee pour realiser I'anodisation classi- 
que i aO-'C et que la densite de courant maximale est d' environ 
1/3 • 

25 • Dans le cas. de la figure 10, ou .1' Electrolyte est I'acid 
phosphorique, on obtient dea r^sultatseemblables, mais avec une 
gamme difflrente des densitis de courant. Les densites de courant 
minimales correspondent k la ligne IJ, les valeurs maximales 
preferies correspondant k la ligne LK, les valeurs pour une tem- 
perature choisie sur la ligne LK etant egales a environ 57 fois 
oelles correspondant aux valeurs minimales de la ligne IJ. La 
■ gamme prefEr^e correspond a la zone IJPO, les valeurs de la ligne 
OP pour une temperature choisie etant ggales a environ 7 fois 
les valeurs minimales de la ligne IJ. Les valeurs de courant pr6- 
35 ferees pour obtenir des films actifs vis-a-vis des polymeres, 
trds minces et clairs sur I'alliage d' aluminium 5005 correspon- 
dent i la zone IJOTl, les valeurs de la ligne m pour une tempe- 
rature choisie etant egales 4' environ 1.7 fois les valeurs mini- 
males de la ligne IJ. La concentration preferee de I'aoide phos- 
phorique peut Stre comprise entre environ 10. et 50 volumes %. 
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Le courant minimal pent varier selon I'alliage d' aluminium 
particulier. Cependant, quelle que soit la densite de courant 
minimale, la densite de courant utilisat»le peut^ de faqon genera- 
le, aller jusqu'a 37 fois la valeur minimale et la densit' de 
5 courant prefere pent all r ousqu'a 7 fois la valeur minimale • 

Un avantage de 1 'utilisation de films minces et clairs actife 
vis-a-vis des polymeres est qu'on pent obtenir un caractere re- 
flechissant en appliquant des polymeres transparents generateurs 
de films a la surface, en obtenant une trds bonne adherence. 
10 Mecanism e de formation de la couche d'oxyde active vis-a-vis des 
polymeres . 

Poair comprendre le mecanisme de la formation de la couche 
active vis-a-vis des polymeres, il conyient de definir les ter- 
mes "epaisseur limite ou maximale du film", "vitesse de formation 

15 de I'oxyde" et "vitesse de dissolution de I'oxyde"* 

. L'epaiss.eur limite du film est I'epaisseur maximale de IV 
oxyde qu'on pent obtenir sur 1' aluminium pendant I'anodisation 
pour une densite de courant particuliere. Dans toutea les. condi- 
tions d'anodisation, les films peuvent atteindre une epaisseur 

20 limite maximale a un certain moment, puis commencer a diminuer 
d' epaisseur. Selon certains observateurs , cette diminution de 1' 
epaisseur du film est due a une augmentation de la resistance des 
films d'oxyde qui deviennent plus epais et a la formation de cba- 
leur a 1' interface electrolyte-oxyde qui accelere la dissolution 

25 du film d'oxyde au point que la vitesse de dissolution soit su- 
perieure a la vitesse de -formation de I'oxyde^ 

La Vitesse de formation de I'oxyde est la vitesse de forma- 
tion electrocbimique de la couche d'oxyde a 1' interface aluminium- 
oxyde d' aluminium. Pour un rendement en courant de lO0%, on peut 

50 calculer la vitesse de formation de I'oxyde en appliquant la loi 
de Faraday sur 1 ' electrolyse qui indique que 95 500 coulombs 
Campdre-secondes) sont necessaires pour former un equivalent pon- 
ders! d'oxyde par phenomene electrochimique. 

La Vitesse de dissolution de I'oxyde est la vitesse de dis- 

55 solution du film d'oxyde a 1* interface oxyde-electrolyte. Ce pa- 
ramdtre est determine experiment alement car il depend de diver- 
ses variantes. 

On peut produire des films d' epaisseur limite minces en mo- 
difiant les conditions operatoires de la fa^on suivante : 
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Variable effet sur I'epaiaseiir 

du film 



Augmentation de la t mperature diminution 
Augmentation de la concentration en 

'lectrolyte diminution 
Au^entation de I'effet dissolvant de 

1* electrolyte diminution 
Augmentation de la densite de courant augmentation 
Interruption du courant diminution 
Augmentation de 1' agitation de la 

solution diminution 

En ce qui conceme la production de films actifs vis-a-vis 
des polymeres, il semble que la dissolution de I'oxyde qui se 
produit pendant la formation du film limite, ecrase les mailles 
d'oxyde qui sont a un potentiel de polarisation anodique, si bien 
qu'il se forme un reseau cristallin presentant des defauts com- 
portant des centres charges. La structure d'oxyde obtenue presen- 
te une af finite vis-a-vis des polymeres et est conductrice de 
I'electricitS* 

On determine la conductivite electrique du film d*oxyde 
actif vis-a-vis des. polymeres, en particulier des films minces 
dont I'epaisseur est inferieure ou egale a environ 0,76 jam, en 
plaqant sur la surface une tige de cuivre poli de 2,54 cm de dia- 
metre et pesant 3^7 g et en exercjant un potentiel de 20 V a tra- 
vers le film d'oxyde anodique ♦ Lee films d'oxyde actifs vis-a-vis 
des polymeres ne provoquent qu'une oiiute de tension de 40 a 200 
mV pour 650 mA. Dans le cas des films pratiquement non conducteurs, 
on observe un courant inferieur a 10 mA lorsqu'on exerce une ten- 
sion de 20 V. 

La Vitesse de dissolution de I'oxyde qu'on determine expe- 
rimentalement depend de la nature et de la concentration de 1' 
electrolyte, de la temperature de la solution et de 1* agitation 
eventuelle. Ainsi, bien que la vitesse de dissolution puisse va- 
rier avec la composition de 1' electrolyte, comme precedemment 
indique, on pent determiner experimentalement ce parametre pour 
chaque composition, en fonction de I'alliage d' aluminium a ano- 
diser. 

Comme precfedemment indique, on prSfere dans la pratique du 
precede de 1 'invention, que I'anodisation produise un film d' 
epaisseur limite, car I'epaisseur limite du f ilm n'eet pratique- 
ment pas modifiee par la presence -d' inhibit eurs dans la solution 
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d'anodisation. 

Comme on obtient la siifface activ vis-a-vis des polymeres 
pour le film d'epaisseur limite, en realisant pratiquement un 
equilibre entre la Vitesse de formation et la vit as de disso- 
lution de I'oxyde, il est souhaitable que la vitesse de dissolu- 
tion,, pendant le trait ement superf icielvae soit pas superie\ire a 
la vitesse.de formation au point que la couche d'oxyde initiale- 
laent formee a la surface soit total ement eliminee. Ceci pourrait 
se produire dans un systems en continu, si la temperature et/ou 
1* agitation de la solution par rapport a la siirface a traiter 
empgchaient par une erosion excessive la formation de I'oxyde^ 
Done, la vitesse relative entre|la solution et 1 ' element- d' alumi- 
nium doit etre aussi proche que possible de zero, bien que ceci 
ne soit pas indispensable si I'on evite 1' erosion de la surface 
15 de l*02yde» 

Les examples additionnels suivants illustrent divers modes 
de realisation de 1' invention. 
Exemple 2 

L'acide sulfurique constitue un exemple classique d'elec- 

20 trolyte d'anodisation acide qu'on utilise d des concentrations de 
5 i 30 % en volume, par exemple de 10 a 2^ % en volume, avec des' 
densites de courant de 1,0? i 2,69 A/dm^ k des temperatures re- 
lativement faibles de 15,5 & 26,5*^0. Ces conditions permettent 
d'obtenir en pratique courante, un oxyde dense et dur. Cependant, 

25 cet oxyde n'est pas actif vis-a-vis des polymeres, bien qu'il 
permette une certaine union mecanique. 

Pour realiser une surface active vis-a-vis des polymeres en 
utilisant l'acide sulfurique, on nettoie prealablement un panneau 
d» aluminium poli (alliage 3003) mesurant 15 x 150 mm et epais de 

30 1,600 mm. (1) par degraissage a la vapeur dans le trichl ore ethy- 
lene, (2) par trempage dans une solution de nettoyage alcaline 
(agent de nettoyage alcalin inhibe renfermant des sels alcalins 
baeiques, des agents tensio-actif s et des agents emulsif iants) 
pendant 90 secondes a 79,5^0, (3) par ringage a I'eau pendant 60 

35 secondes k 49?0, (4)/irempage dans une solution acide renfermant 
50 % en volume d* acide nitrique pendant 15 secondes, . et (5) par 
ringage a I'eau pendant 30 secondes a environ 25,5<»C. On plonge 
ensuite le panneau nettoye dans une solution d» acide sulfurique 
a 15 % en volume a 5^,5*^0 et on le so^lmet a une anodisation avec 

40 une densite de courant de 1,15 A/dm^ pendant 1,8 minute avec une 
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tension continue de 2,4 V. Enaiiite, on retire le panneau, on le 
rince a I'eau a 24,5°C et on le seche avec un courant d'air a ' 
25,5°C. Comme le montre la figure 9, la denaite de courant est 
situee dans la gamme preferee- " 

Le traltement ci-dessus foumit une surface active vis-a-vis 
des polymSres, qui est egalement nettement conductrice de I'elec- 
tricite. 

Aprds le traitement, on trempe le panneau comportant la cou- 
che active vis-a-vis des polymeres, dans une solution de chlorure 
de vinylidene et de tetrahydrofuranne renfermant 60 g/1 de chlo- 
rure de vinylidene, pendant environ 5 secondes pour ohtenir une 
couche de revetement epaisse de 5,08 qu'on seche a 1 'air a 
25,5°C. La zone revetue, en I'ahsence de cuisaon, presente une 
tres bonne adhesion lorsqu'on plie le panneau sur lui-mgme i 180° 
15 et qu'on le soumet au test d ' arrachement par traction sur le bord 
plie avec un ruban adhesif ou "Scotch" qu'on applique a la sur- 
face du revgtement. Pour montrer que 1' adhesion est sup6rieure a 
une simple adhesion mecani que, on soumet le panneau k I'essai 
CASS pendant 1? heures, puis on realise les tests de pliage et 
20 d' arrachement sur d'autres portions du panneau. Le panneau aprls 
le test CASS, presente une tres bonne adhesion et la valeur 
CASS est d'au moins 8 environ. 

Des essais ont montre que le comportement des Electrolytes 
est affecte par divers parametres. Par exemple, les electrolytes 
25 se comportent differemment pour des temperatures et des densites 
de courant di verses. Par exemple, 1 'acids sulfurique permet d' 
obtenir une tres bonne adhesion apres le test CASS lorsqu'on rea- 
lise la couche active vis-a-vis des polymeres k 75,5''C pour une 
duree de traitement de 7,5 minutes avec une densite du courant 
50 de 6,45 A/dm a 48,4 A-mn/dm^. Cependant, lorsqu'on traite le 

panneau d ' aluminium 4 49''C pendant la mgme duree (7,5 minutes) ' 
avec une densite de courant de 6,45 A/dm^ (48, A A-mn/dm^), 1' 
adherence du revStement de ciilorure de vinylidene est mauvaise 
apres le test CASS, bien que I'adherence apparaisse tres bonne 
35 avant ce test. En abaissant la temperature a 49°C, la duree de 
traitement est insuffisante pour abtenir le film d'epaisseiir li- 
. mite et la surface vis-a-vis des polymeres. Cependant, la duree 
de traitement de 7,5 minutes est suffisante a 75, 5°C. 

L'acide phosphorique donne de bons resultats dans une gamme 
relativement etendue de temperatures, par exemple 16 a ^^'C et 
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plus, et dans une gamme de concentration de 5 a plus de 20% en 
volume. Unefeolution d'acide phosphorique a 15% en volume donne 
. d'excellents resultats lorsqu'on revet un panneau d'aMage 3003 
(iettoye comme dans I'exemple 1) avec du chlorure de vinylidene, 
avant et apres le test CASS de 1? heures. 

Une solution d' electrolyte renfermant 3,8 % en poids de 
carbonate de sodium doime de tres tons resultats a une tempera- 
ture de 40»C pour 1,95 A/dm^ (/«,4 A-mn/dm^) avec du chlorure de 
vinyliddne (duree de traltement 25 minutes). Cependant, on ob- 
tient de mauvais resultats k 27'>0 et 1,0? A/dm^ pour une duree de 
traitement de 45 minutes (48,4 A-mn/dm^) avant et aprds le test 
CASS, du fait que la duree de traitement est insuffisante pour 
former le film d'epaisseur limite et la surface active vis-a-vis 
du polymdre. 

Dans le cas d'une solution d' electrolyte renfermant 10 %■ 
en poids d'acide oxalique, on obtient ime tres bonne adhesion 
du chlorure de vinylidene pour des templratures comprises entre 
54,5^et 60,5">C, ^xQe densite de courant d'environ 2,90 a 5,66 
A/dm (48^A-mn/dm ) tandis qu'onbbtient une mauvaise adhesion a 
5,4 A/dm (48,4 A-mn/dm^) k 25'»C et avec 5,76 A/dm^ (48,4 A-mn/ 
dm'^) a 46°C. 

De fagon semblable, on obtient de tres bpns resultats avec 
des. solutions d'acide chromique (par exemple a 5% en poids) a 
des temperatures comprises entre 65,5 et 76,5°C pour des densi- 
tes de courant de 4,09 a 7,53 A/dm^ (48,4 A-mn/dm^) avant et 
apres le test CASS de 17 heures avec le chlorure de vinylidene en 
obtenant de mauvais resultats a 0,4'5 A/dm^ (48,4 A-mn/dm^) a 
26,5»C. 

Les mauvais resultats ci-dessus sont dus au fait' que la du- 
ree d'anodisatiOTDF-est insuffisante pour qu'on atteigne I'epais- 
seur limite du film et la surface active vis-i-vis des polymeres 
correspondante. 

Comme des durees de traitement breves et des films minces 
sont particulierement souhaitables dans un precede industriel 
continu, on prfef^re uh electrolyte renfermant de I'acide phospho- 
rique. 

Exemple 5 

Comme precedemment indique, lorsque la vitesse de. dissolu- 
tion de i'oxyde d' aluminium est superievire a la vitesse de for- 
mation, on ne peut obtenir une surface d'oxyde active vis-a-vis 
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das polymer s- Ceci est illustre par 1* experience Buivante. 

On nettoie comme decrit dans I'exemple 2, Tin panneau d' 
aliiage d ' aluminium JOOJ poli mesurant 50 x 150 mm, puis on le 
traite par anodisation dans un electrolyte constitue d'une solu- 
tion a 3) % en volume d'acide phosphorique a 55»C et 2,58 A/dm^ 
pendant 0,8 minute. On applique alors comme dans I'exemple 2, m 
revetement de chlorure de vinylidene, et on determine les pro- 
prietes du panneau avant et aprds le test CASS de 17 heures. Par 
suite de la vitesse de dissolution assez elevee, on n'obtient pas 
une surface active vis-d-vis des polymdres, si Dien que le revg- 
tement applique de chlorure de vinylidSne presente une mauvaise 
union avant et aprSs le test CASS. Cependant, pour 5,01 A/dm^ 
pendant 0,8 minute, on obtientjune tres bonne adherence apres 1' 
essai OASS de 17 heures. 

De fa^on semblable, on etudie deux echantillons du m§me 
aliiage a 27,5°C en en anodisant un dans I'acide phosphorique a 
20 ^ pendant lO^minutes a 0,21 A/dm^ et 1- autre pendant 10 minu- 
tes a 0,26 A/dm . Le second echaitillon presente une surface 
active vis-d-vis des polym^rea, presentant une tres bonne adhe- 
rence au chlorure de vinylidene apr^s 1* essai CASS de 1? heures. 
li'echantillon correspondant a la densite de courant la plus faible 
presente une vitesse de dissolution excessive et ne permet pas d' 
obtenir un revetement adherent. 

Les valeurs des tableaux 2 et 3 illuatrent le traitement par 
un systeme 6lectrplytiqu9 constitue par exemple d'acide phospho- 
rique ou d'acide sulfurique, parrSglage de la densite du courant 
et de la temperature, de faijon a eviter une vitesse de dissolu- 
tion excessive et atteindre I'^paisseur limit e du film pour la- 
quelle on obtient un 6quilibre entre la vitesse de formation et 
la Vitesse de dissolution pour former une surface active vis-a- 
vis des polymdres. 
Exemple 4 

Cet exeinple montre comment on peut transformer un element 
d' aluminium anodls^ de fa^on class ique en une surface active vis- 
it- vis des polymeres. 

Pour transformer la surface d'un element oxyde de fagon 
classique en une surface active vis-li-vis des polymeres, on net- 
toie un paniieau d' aliiage d' aluminium 5557 poli mesurant 100 x 
150 mm, comme dicrit dans I'exemple 2 et on I'anodise de faQon 
classique dans un electrolyte constitue d'acide sulfurique a 15% 
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en volume^pendant 15 minutes arec une densite de cmirant de 
1,72 A/dm a 24^C. Ce trait ement forme une couche d''oxyde dur et 
dense ayant un caractere ref lechissant important, Apxes ringage 
a I'eau et sechage dans un courant d»air a 25,5°C, .on decoupe 1© 
panneau en deux echantillons mesurant 50 x 150 mm,. On revet un 
dee echantillons comportant la couche d'oxyde dense et dure, de 
chlorure de vinylidene, en operant comme dans I'exemple 2, en 
abtenant un revStement non adherent qu'il est facile de separer- 

On traite par anodisation 1' autre echantilloji ^comportant 
la couche d'oxyde dure , dans . une solution a 15% emriDlume d'acide 
phosphorique pendant 2 minutes, a 2,15 A/dm^ a la ±emp6rature de 
^5**C, ce qui modifie I'oxyde par dissolutioTi partielle en for- 
mant une surface active vis-a-vis des polymeres. Aptob ringage 4 
I'eau et sechage dans un courant d»air a 2%3''C^ xm applique au 
panneau un revetement de chlorure de vinylidene comme dans 1' 
exemple 2. Le revetement de polymere presents une excellente 
adhesion avant et apres le test CASS de 1? heures. 

Seldn 1' invention, on considere qu'un revStement de polym&rc 
est bon, lorsqu'il presente une valeur dans I'essai CASS de 1? 
heures egale a au mo ins 7. 
Exemple 5 

Cet exemple a pour but de montrer le spectre ^et^ndu de ma- 
tieres polymeres qu'on pent faire adherer a I'aliiminiam selon .. 
1* invention. On nettoie, comme dans 1' exemple 2, un j)anneau d' 
alliage d' aluminium 3003 mesurant 50 x 150 mm et on.le soumet a 
un traitement anodique dans une solution d'acide jflio^horique a 
15% en volume pendant 5 minutes a 43*^0 avec ime dsi^-te de cou- 
rant de 1,93 A/dm , pour former ime couche d't>X7d® (d^^paisseur 
limite dont la surface est active vis-a-vis -des pol;yn£res. Les 
composes etudies et les resultats obtenus figurent dans les ta- 
bleaux 4 et 5 suivants» 
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Caract^ristiques compar^es de 1' union 
'superficielle des surfaces pr§pcir6es 
Epaisseur aelon 1' invention (b) 



polysi^re Adhesion avant le Adhesion apr^s le 
(mm) ^^^^ test CASS de 

56 heures 



lA 






bonne 


tres 


bonne 


2A 






Donne 


tr^B 


bonne 


3A 




t:xeB 


bonne 


tr^s 


bonne 






tres 




trSs 


bonne 


5A 


0,00254 


tr&s 


bonne 


tres 


bonne' 


6A 


0,00254 


tres 


bonne 


tr^s 


bonne 


7A 


< 0,0254 


tres 


bonne 


trds 


bonne 


8A 


< 0,0254 


tr^s 


bonne 


tres 


bonne 


9A 


< 0,0254 


tr^s 


bonne 


tr^s 


bonne 


lOA 


<0,0254 


tr^s 


bonne 


tr^s 


bonne 


llA 


<O,0254 


tr^s 


bonne 


tr^s 


bonne 


12A 


< 0,0254 


tr^s 


bonne 


tr^s 


bonne 


13A 


< 0,0254. 


tr^s 


bonne 


trds 


bonne 


14A 


< 0,0254 


tr^s 


bonne 


tr^s 


iDonne 


ISA 


< 0,O254 


tres 


bonne 


trfes 


bonne 



(b) panneau d'alliage d 'aluminium 3003 mesxarant 50 x 150 mm, 
nettoy^ comme indiqu6 dans I'exemple 1 et ayant re9U un 
traitenaent anodique ayec un Slectrolyte constituS d'acide 
phospborique h 15 % en volume pendant 5 minutes il 43*'C avec 
une density de courant de 1,93 A/dr^. 
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Lea resultats des tableaux ^ et 5 montrent I'aptitud gene- 
rale des surfaces actives vis-a-vis des polymeres realisees se- 
lon 1' invention i former une excellente adherence avec une gannne 
etendu de polymeres, meme apres le teat CASS de 56 heures. II 
5 convient de noter que mSme le tetrafluoroethylene qui est le po- 
lymere le plus difficile a unir a un substrat, adhere de f agon 
excellente a la surface active vis-a-vis des polymeres, 
Exemple 6 

Get exemple a pour but de montrer que 1 'invention s' applique 
10 a une gaffime 6tendue de produits en aliiage d* aluminium. 

Ontettoie comme dans 1» exemple 2, des panneaux polls corres- 
pondent a une. gamme etendue d*alliages f igiirant dans le tableau 
6, puis on les soumet a un traitement anodique dans de I'acide 
phosphorique a 15% en volume a 43^0 avec 2,15 A/dm^ pendant 5 
15 minutes, Enauite, on applique un revetement de chlorure de viny- 
lidene, comme decrit dans I'exesiple 2, et on etudie les panneaux 
revetus^res V? heures^ 'exposition a 1 ' environnement CASS. On 
constate que tons les alliages etudies apportent une tres bonne 
adhesion, 

20 TABLEAU 6 page 26 

Exemple 7 

Des essais ont montre que la surface active vis-a-vis des 
polymeres est stable a chaud a des temperatures relativement ele- 
, vees» sans perdre pratiquement ses caracteristiques. On soumet 

25 a Tin pretraitement, comme dans 1* exemple 2, un panneau d' aliiage 
3005 mesurant 100 x 150 mm, puis on y realise Tine surface activ 
vis-a-vis des polymeres, par traitement anodique dans une solu- 
tion k 15% en volume d'acide phosphorique k 43**C avec 1,72 A/dm^ 
.pendant 5 minutes. Apres ringage a I'eau et sechage dans un cou- 

30 rant d»air a 25,5**C, on 6tudie la conductivite electrique de la 
surface active vis-a-vis des polymeres, en plaqant I'extremite 
d'une tige de cuivre polie de 2,54 cm de diametre et pesant 347g, 
sur la surface et en exergant ime tension de 20 Y a travers la 
couche d surface active vis-^i-vis des polymeres. On constate une 

35 chute de tension de 70 mV a 650mA, ce qui indi^ue que la surface 
active vis-a-vis des polymeres est nettement conductrice de 1 • 
electricite. 
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TABIrBAU 6 

Caract6risticnies d' union de I'almninitim et dea alliaaes 
d' aluminium (a) apr^s traiteinent 

Taille des Adhesion du xevetement du chlo- 

Elfiment Schan- rure de vinylid^ne [h) apr^s 17 

tillons heures d 'exposition CASS 
(mm) 



Vur du commexce 


25,4 


X 


152 




Id 000326 


Alliage 


1100 


50,8 


X 


152 


±res 


bonne 


Alliage. 


2014 


76,2 


X 


102 


i;res 




Alliage 


2025 


50,8 


X 


152 


±xhs 




Alliage 


3003 


50,8 


X 


152 


Itrfea 


bonne 


Alliage 


5005 


50,8 


X 


152 


tr^a 


bonne 


Alliage 


5255 


76,2 


X 


102 


±xes 


bOlllBS 


Alliage 


5456 


76,2 


X 


102 • 




Ixjnne 


Alliage 


5557 


50,8 


X 


152 




bonne 


Alliage 


5657 


76,2 


X 


102 






Alliage 


6061 


50,8 


X 


152 




l?onnfs 


Alliage 


6063 


50,8 


X 


152 




bnnne 


Alliage 


7075 


50,8 


X 


152 


±rhs 


boTiiie 



(a) On nettoie lesponneaxix ©t on les trempe daiiB □."acide, 
comme indiqu6 dans I'exemple 2, avant de les soumettre ^ 
un traitement anodique pendant 5 minutes dans Aine solution 
d'acide pliosphorique ^ 15% en volume a 43 °C avec vine dena±ti 
de courant de 2,15 A/dm?. 

(b) On revdt les panneaux, comrae indiqu6 dans a.'eaeaniple 2^ 
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On chauffe ensuite le panneau dans I'air d 538»0 pendant 
2 heures. Apres . refroidissement , on constate que la conductivite 
electrique n'est pas modifiee.On revet ensuite le panneau d 
chlorur de vinylidene, comme dans I'exemple 2, en constatant 
5 une excellente adherenc au substrat d' aluminium apres I'essai 
CASS de 17 heures. 

Une solution et un precede de nettoyage particulierement 
appropries pour realiser une surface de depot par anodisation 
electrolytique permettant d'obtenir la structure active vis-a- 
10 vis des polymires vont maintenant etre decrits. 

Oil trempe le panneau, qui peut ou non avoir ete degraisse ' 
i la vapeur, dans une solution renfermant les ingredients sui- 
yants : 

Compose chimique Pourcentage ponderal Concentration de 

'■ ■ total du sel la solution 

Phosphate trisodique 19,8 gO 

Carbonate de potassium 13,6 41 

Chroma te de potassium 66,6 20 

On trempe le panneau dans la solution ci-dessus pendant 
1 a 3 minutes entre 76,5 et 79,5»C. On rince ensuite le panneau 
pendant environ 60 aeccndes a ^g^C, puis on le soumet au traite- 
ment. anodique suivant, par exemple daus une solution a 20 % en 
volume d'acide phosphorique. La densite de courant pref^ree est 
juste inferieure a celle produisant un film d'oxyde irise avec 
une charge surfacique d' environ 2,15 A-mn/dm^. On maintient 1' 
electrolyte a 43 "C et la duree de traitement est d' environ 15 a 
30 secondes. Apres le traitement d' anodisation, on retire le 
panneau, on le rince a I'eau k environ 25,5°C et on le seche avec 
un courant d'air a environ 25,5°G avant d'appliquer un revetement 
30 de polymere. 

Un autre . procedS de nettoyage des panneaux d' aluminium con- 
siste a utiliser une suspension d'oxyde de magnesium. Un exemple 
allustratif du procedS de production d'un revgtement de polyte- 
trafluoroethylene (Teflon) figure dans 1' exemple suivant. 
35 Exemple 8 

On nettoie un panneau d'alliage d' aluminium 1100 poll mesu- 
rant 50 x I50 mm et Spais de 1,65 mm, en.(l) frottant la surface 
avec un tampon de coton sature de suspension d'oxyde de magnesium 
et d'eau et (2) ringant i I'eau en frottant la surface avec un 
W tiesu de coton propre pour eliminer complStement I'oxyde de ma- 
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Snesium de la surface d'alumlniim. Apres nettoyage, on traite le 
pazmeau par anodisation dans une solution a 12% en volume d' aci- 
de sulfurique a. environ 0,21 A/dm^ pendant une duree de 10 minu- 
tes (2,15 A-nn/dm ) en maintenant la temperatur de 1' electro- 
lyte a environ 430C. On calcule ce traitement, de. fa^on a obtenir 
un film d'oxyde actif vis-a-vis des polym^res. epais d'erviron 
0,51 jim. Aprds traitement anodique, on retire le panneau, on le 
lave A I'eau et on le seche dans' un courant d'air a 25,5°C. On 
applique le revetement de po^jtetrafluoroethylene a la surface en 
(1) trempant le panneau traite dans une dispersion aqueuse a 

de tetrafluoroetHylene pendant environ 15 secondes, puis en 
le retirant lentement pour realiser un film humide mince, (2) 
sechant le film a 85°C dans I'air, (5) cuisant le film sLhe a 
190,5.»C pendant 5 minutes pour volatiliser les agenrs mouillants 
presents et (4) fondant le film par cuisson a 383 °C pendant 5- 
minutes pour obtenir un revetement de Teflon fortement fixe. 

On determine 1 'adhesion du revetement, en realisant sur la 
surface revetue une eerie d'entailles croisees, ecartees de 1,2 
mm ettraversant I'epaisseur du revStement, puis en essayant d' 
arraoher la surface incisee apres application d'un ruban "Scotch'i 
Le revStement ne s'arrache pas, ce qui montrequ'il est fortement 
unx ^ la surface d' aluminium par la surface d'oxyde active vis- 
^-vis des polymeres. 

On pent citer cpmme exemples de compositions d^bain aqueux 
acide d' electrolyte : 

(A) une solution d' acide phosphorique a 5 i 30% en volume, nar 
example a 10 a 25% en volume ; 

(B) une solution d' acide sulfurique i 5 i 30% en volume, nar 
exemple It 10 a 25% en volume ; 

(C) .une solution d' acide oxalique ayant une concer.rration compri- 
se entre 1% en poids et la saturation ; et 

(D) une solution d' acide chromiqu^ayant une concentration de 1% 
a 25% en poids. 

En ce qui concerne les electrolytes precedemment indiques, 
de fa^on generale, plus la temperature est elevee, plus la densi- 
te de courant neceasaire pour realiser la formation de I'oxyde 
actif vis-a-vis des polymeres est elevee et plus la duree de 
traitement est breve. Dans tons les cas, pour un alliage parti- 
culier, la duree utilises dans chaque cas particulier d'electro- 
lyte, de composition, etc. doit Stre suffisante pour realiser la 
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dissolution partiell de 1 ' oxyde . anodique . 

L' invention s'appliqu particulierement. a un traitement con- 
tinu dans lequel la solution et .!• element 4 traiter. se deplacent 
I'un par. rapport k 1' autre et utilisant un appareil realisant in 
situ (1) 1' elimination de la couche d'oxyde naturel de 1' element 
d' aluminium en rormant ainsi une surface d' aluminium propre et 
(2) la formation d'une couche d'03^de aotif vis-a-vis des poly- 
meres. Le proc§de continu presente I'avantage de permettre d'obte- 
nir un equilibre contrSle qu'on maintient en choisissant la den- 
site de courant correspondent 4 un film mince actif vis-a-vis 
des polymeres pour une duree minimale. 

La figure 1 illustre un mode de realisation d'un precede et 
de 1' appareil de 1' invention pour realiser le traitement continu 
en grande serie de tiges, de bandes ou de feuilles d' aluminium 
> 10, se depla^ant de la gaucbe vers le droit e. Les stades de mise 
k nu et d'ozydation precedemment indiques se produisent en un 
poste unique 11, apres lequel on rinoe k I'eau 1' aluminium oxyde 
en 12 et on le seche a 1 'air en 15 avant d'appliquer le polymdre 
en 14 et de realiser le stade de chauffage au four (s'il est ne- 
cessaire) en 15. En general, le traitement de 1' aluminium realise 
en 12 utilise un systeme de circulation continue d' electrolyte 
comportant un element d'Scoulement ou electrode a tSte de pulve- 
risation 16 placee au-dessiis de 1' aluminium et le recouvrant d 
1' Electrolyte 5 un oollecteurjL? recueillant 1 • electrolyte aprea 
contact aveo 1' aluminium et un circuit en trait discontinu 18 
comportant une pompe 19 qui correspond i un systeme de circxila- 
tion. De preference, 1' Electrode 16 est une cathode et I'aluminiun 
10 est une anode comme I'indiquent les legendes de polarisation 
de 1' electrode 16 et du balai venant au contact del' aluminium 
20. L« element d' aluminium pent §tre fixe et l' Electrolyte pent 
§tre dirige contre lui k un dEbit relativement important. 

Le dispositif de traitement 11 est represents plus en detail 
par les figures 2 et 3 qui montrent une barre d'aluminium 10 qui 
avance en continu de la droite vers la gauche. Lora de son pas- 
sage a travers le dispositif 11, 1' aluminium 10 est guide par 
des rouleaux supports espaces 21-22 qui peuvent §tre entralnes 
en continu par le. dispositif 2?. Les rouleaux 21-22 sont montes 
sur des roulements (de fagon non representee) et ont de preferen- 
ce des tailles permettant une immersion partielle constante dans 
1' electrolyte pour un niveau normal de 1 ' Electrolyte dans le.col- 
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lecteur 17.Le collecteTir 17 peut "tre vrne cuve rectangulaire com- 
portant.Tine evacuation centrale 24 ayant vox orifice 25 permettant 
de maintenir un. niveau approprie de 1 'electrolyte 25 dans le 
collecteur 17 ; un filtre 27 epure 1 ' electrolyte avant qu'il 
5 retourne dans un reservoir 28 k partir duquel la pompe 19 recycle 
1 • electrolyte purifi4. 

La figure 3 montre 1' electrode a pulverisation 16, sous for- 
me d'une boite rectangulaire pratiquement fermee ayant une largeur 
W sup6rie-ure a la largeur effective W de 1' aluminium 10 a trai- 

10 ter et dont la longueur L est pratiquement disposee aelon le tra- 
det de 1 ' aluminium 10 et est en une position centrale entre les 
rouleaux 21 et 22.Le fond 29 de la t§te 16 est perci de petits 
trous ou d' orifices semblables dont la surface ouvert-e 29 est 
choisie de preference de telle sorte que pour le aebit et la 

15 pression de 1* Electrolyte fourni par la ponrp© 19, des courants 
continus (plutot que des gouttelettes) de 1' electrolyte ferment 
pont dans I'espace relativement reduit rejoignant la surface su- 
perieure de 1' aluminium 10 et pour que ces courants txappent en 
continu la totality de la surface auperieur'e apparente de I'alu- 

20 minium 10 en la recouvrant.La t§te 16 peut cumporter aine canali- 
sation d' alimentation verticale JO, reglable verticalement (par 
exemple par un. dispositif k cremaille're 51) qui f ai-t partie du 
circuit d' alimentation 18 k laquelle elle est uni-e ipar un rac- 
cord flexible 32. Un dispositif flexible d'easuyase 33 fix6 a 

25 I'extremite de sortie de la t§te 16, essuie la ma3BTira partie de 
1 • Electrolyte de 1' aluminium 10 avant passage en dessous de la 
zone de recueil du collecteur 17. Pour maintenir I' el'ectrolyte 
a la temperature dEairee, lorsqu'il est appoTte a l".Bl,uminium 10, 
le reservoir 28 comporte un dispositif de chauffagB 34 alimente 

30 par le dispositif 35 qui comporte un regulateur 35 Teprondant aux 
signaux de sortie instantanes du detecteur ou sonde jie cbaleux 
37 (qui est conatitue par un tbermocouple , une therraiBtance «n 
forme de perle ou similaires, disposSs dans la partie d'irri-ga- 
tion de la t§te 16). L' element prismatique rectangufedie 38 je- 

35 prEsente en pointille au-dessus du reservoir 17 et de 1' electrode 
de pulverisation 16, constitue un element Evitant 1«b projections 
et formant une botte d' aspiration avec le dispositif tl ' evacuation 
39. 

Lors de 1 'utilisation, la pompe 19 cree plusieuis courants 
40 liquides d' electrolyte entre la tSte 16 et 1' aluminium, ce qui. 
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ferme le circuit electriqiae pour le traitement anodioue de 1' • 
aluminium par 1 ' intermediaire du balai 20 venant au contact de 
1 'aluminium. Le nombre de ces courants et leur debit assurent 
un recouvrement liquide total de la surface superieure de 1' alu- 
minium pendant pratiquement la totalite du passage en dessoua' de 
la tete 16. La surface inferieure de 1 • aluminium a ete prealable- 
ment mouill6e Cpar I'electrolyte de la cuve 1?) lorsque I'alumi- 
nxum eat soumis a la pulverisation ; I'electrolyte qui frappe la 
surface superieure de 1' aluminium et s'ecoule sur ses bords est 
automatiquement entraine- en dessous de la barre d'aluminium, ce 
qui assure le recouvrement total de 1' aluminium pendant qu'il • 
est expos6 d 1 'action de la tSte 16. 

Dans une utilisation typique et couronnee de succes de 1' 
invention, il est sans importance que 1' aluminium a traiter soit 
15 revStu d'oxyde d'aluminium natiirel ou const itue une variety ano- 
disee du commerce. II est egalement sans importance que I'echan- 
tillon soit ou non propre chimiquement ; par exemple un echantil- 
lon reconvert de graisse est tres facilement nettoye, ce qui per- 
met de realiser le traitement desire. L' electrolyte peut etre 
20 constitue d'une solution d 5 a 50?« en volume d'acide phosphorique. 
Un bain renfermant 20%. en volume d'acide phosphorique et 4,5 % 
en poids d'acide oxalique s'est revele convenir pour I'obtention 
de produits en aluminium revetus de polymdre. 

Pour la duree d' exposition breve precedemment indiquee, 1' 
25 6pai8seur de substrat de la couche active vis-a-vis des polymeres 
peut gtre de I'ordre d' environ 0,025 /m et atteindre des valeurs 
atteignant 5,8 ou 6,4jim et mieux atteignant environ 0,76 ym. 

Dana le mode de realisation illustre par les figures ^ 6, 
1' electrode de pulverisation 16 est remplacee par un ensemble d' 
30 Electrodes espacees sous forme de cylindres poreux parallelea 

41, 42 , 45 , 44, 45, alimentea par I'int^rieur en electrolyte par 
le distributeur 40 racoorde k 1 ' alimentation 18 et realiaant une 
humidification continue par contact avec la surface superieure 
de I'echantillon d'aluminium 10. Ces cylindres sont constitues 
35 d'un support tubulaire fixe 46 (figure 5), fixe a la canalisation 
d- alimentation en electrolyte 46' et portant de fa^on ooncentri- 
que sur pratiquement la totalite de la longueur de son axe, un 
rouleau tubulaire poreux exterieur 4? qui peut gtre un panier 
perform ou semirigide reconvert d'un tissu en matiere inerte 
vis-a-vis de I'electrolyte. Un roulement appropriE (non represen- 
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te) permet la rotation de 1' element interie^ir ^ et un pignon 
de chaine 48 a ime extremite de 1' element 4? provoque la rotation. 
La chatne 49 entraine tons lea pignons de chaine a une Vitesse 
synchronise© avec 1 ' alimentation en aluminiiu! 10, de fason i 
realiser \in contact ou \in semi contact sans glissecent entre 1' 
element d ' Umidif ication^ff? et la surface superieure de I'echan- 
tillon d' aluminium en deplacement. Un bouolion 50 ferine 1' extre- 
mite non entraln^e de chaque cylindre 4i, ce bouchon pouyant 
Stre porte par I'un ou 1' autre d€is elements tubulaires 46 ou 4?. 

Comme le montre la figure 5, le corps cylindrique del' ele- 
ment interieur 46 est localement ouvert, par exemple par des 
encoches ou une fenStre 51, selon un angle limite qui pent en ge- 
neral, atteindre environ 90°. Cette ouverture localise I'ecoule- 
ment radial de 1 ' electrolyte pour recouvrir 1' element poreux 
15 exterieur toumant ^7 juste avant qu'il vienne en contact ou en 
semi-contact avec 1 'aluminium 10, de telle sorte que la vitesse 
de la solution par rapport a I'element 10 soit aussi voisine que 
possible de 0, pour reduire au jninimum 1 • erosion de la couche 
d'oxyde. On voit, figure 6, que lors du f onctioimement une -liai- 
20 son continue 52 de 1 ' electrolyte liquide est realiaee par chaque 
cylindre (41, 42 45) et recouvre en contact intime la tota- ... 
lite de la surface superieure de la bande mobile d' aluminium 10, 
cet electrolyte debordant sur les bords de 1' aluminium, si bien 
gu'une fraction importante recouvre la surface inferieure prea- 
25 lablement mouill6e de 1 ' aluminiiun. Si on le desire, on peut dis- 
poser des rouleaux inferieurs 55, 56, 57, 58,59 semblables de 
faqon gen6rale aux rouleaux 41, 42 , 45 , 44-, 45 pour realiser un 
contact et une humidif ication semblables de la surface inferieure 
de 1 'aluminium. Ces rouleaux inferieurs doivent de preference 
gtre entraines dans une direction opposee a celle des rouleaux 
superieurs pour qu'il s'etablisse un rapport sans glissement avec 
1 ' echantillon d' aluminium mobile, comme I'indiquent les fleches. 
Les rouleaux inferieurs peuvent egalement etre alimentes par 1' 
interieur en Electrolyte frais (avec un ecoulenent radial d' elec- 
trolyte par une ouverture 51" disposee dans une region situee 
;juste avant le contact avec 1 ' aluminium) , mais on pr^fere reali- 
ser 1 'humidif ication par immersion partielle des rouleaux infe- 
rieurs dans le collecteur d' electrolyte, comme le montre la fi- 
gure 6 ; dans ce derr.ier cas, il est bien entendu inutile de rea- 
liser une alimentation par I'interieur des rouleaux inferieurs. 
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Le contact electrique est realise en 20 par 1 balai venant au 
contact de 1' aluminium et en 53 par le distributeux alimentant 
en electrolyt 1* ensemble des rouleaux superieurs. 

Le dispositif illustre par la figure 7 montre 1 ' application 
5 de 1' invention au trait ment d'un compose en aluminium profile 
tel que par exemple une section en L ou une section angulaire d' 
■un element continu 10 ' . La matiere 10 ' est soumise a un traite- 
ment par les roulettes superieure et inferieure d'humidification 
par 1' electrolyte 60 et 61. La roulette superieure 60 est carac- 
10 terisee par me surface de revolution convexe qui s*adapte par 
contact ou semi contact aux surfaces concaves de 1' aluminium 
traversant la region de traitement. De fa^on semblable, la rou- 
lette inferieure 61 est caracterisee par une surface de revolu- 
tion concave ou en V qui s'adapte a la surface convexe de I'echanr- 
15 tillon mobile d' aluminium. Les deux roulettes 60 et 61 peuvent 
etre alimaitees par l'int6rieur» comme decrit pour les figures 
^ k 6 i cependant, dans la forme representee, une tete cathodique 
d^bumidification 62 comportant une surface inferieure concave 
munie d*ouvertures aliiaente en continu en electrolyte la roulette 
20 superieure 60. Les deux roulettes 60 et 61 peuvent etre recou- 
vertes d'un tissu pour realiser un entrainement maximal de. 1* 
electrolyte et assurer la presence d'une couche continue de li- 
quide entre la catbode 62 et 1* anode 10. 

On met en oeuvre, selon un precede continu, un appareil 
25 semblable a celui illustre par les figures 1 a 3, dans lequel on 
utilise un element extrude en alliage d' aluminium 6063 large de 
4^,^5 moL et epais de 3a75 mm. On utilise 1' element extrude en 
aluminium comme anode et on regie le debit de 1* electrolyte a 
7 l/m en exergant une tension de courant continu de 30 Y, en 
30 deplagant 1» element d' aluminium long de 1,2 m a une vitesse ne 
depassant pas 0,9 m/mn. On fail^asser I'element extrude a tra- 
vers la zone rSactionnelle a la vitesse desiree en reglant la 
temperature de 1' electrolyte pulveiise au voisinage de 50*^0 avec 
une densite de courant comprise entre environ 1,29 et 2,90 A/dm^ 
35 avec une duree de aedour de 10 i 60 secondes. On rincd ensiiite a 
I'eau froide a 24^0, l»element extrude traite et on le aecbe avec 
un courant d'air a 25»5^C. On lvalue les caracteristiques d 'union 
du polymere avec un rev§tement de chlorure de vinylidene qu'on 
applique k des ecbantillons par trenipage dans une solution a 
AO 60 g/1 de polymere dans le tetrabydrofuranne, puis en secbant les 
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pieces revetues 4 la temperature ordinaire. Comme jaans les exem- 
pies precedents, on determine 1' adhesion avant et apres !• ssai 
CASS de 17 heures en pliant a 90*^ 1' element extrud-e (ce qui pro- 
voque une rupture dn metal), puis en appliquant un xuban adhesif 
5 "Scotch" a la zone de pliage et en arrachant ce ruten (test d' 
arrachement). Les resultats ohtenus sont resumes Asrr)< i le tableau 
7 suivant 

TABLEAU 7 page 55 

Les elements extrudes en aluminium trai-tes selxm 1' invention 

10 sont reconverts d'oxyde naturel et de taches fie graisse et d'em- 
preintes digitales. On a marque avec xme pointe a trw^Ty les ^^nas 
de souillure superficielle de depart en constatant ga'apres trai- 
tement, I'oxyde naturel a ete totalement el±mine sroc les taches 
de graisse et les empreintes digitales. 

15 Dans des conditions comparables , la durae de i;raitement mi- 

nimale pour ohtenir une surface active vis-a-vis d£B polymeres est 
pratiquement la meme lorsque les elements extrudes sont fixes ou 
en mouvement continu. 

L' electrolyte const itue d'acide phosphoxique ^'acide 

20 oxalique presente xm bon pouvoir de penetration et a3. est inatten- 
du qu'un tel electrolyte soit capable de reaHser -mm soirface 
active vis-a-vis des polymeres sur des formes trea ©nmplexes. 
Comme le montrent les experiences 15A a 21A, ©h n^sfi^l^t une sur- 
face active vis-i-vis des polymeres sur la Tace inf-emeure des 

25 elements extrudes, sans qu'il soit necessaixe de disposer une 
cathode sur cette face. 

II semble,selon 1' analyse infrarouge, -qro I'CTS^^lente adhe- 
sion obtenue avec lea divers es matieres polymeres^ sacdt due a 
la combinaison de la structure cristallogrEg)hique ^ IL'oxyde qui 

50 provoque apparemment une modification struclairale films de 
polymere a 1' interface et de la nature de I'arttaqnB chimique 
croscopique de la surface d'oxyde. A 1' inter-face seaifcrB le poly- 
mere et I'oxyde d' aluminium, le polymere est nnoins aaristallin 
car il prend un caractere desordonne. On estime que cet etat ^ 

55 relaxation provoque une interaction ionique dipolaire ou I'exis— 
tahce de forces semblables dont I'energie a ime valeccr voisine de 
celle des liaisons chimiques. 
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Quelle que soit la theori , 1' invention fournit uh element 
d- aluminium revetu de polymere de qualite superieure constitue 
d'une matiere organique polymere generatrice de pellicule unie 
a la surface de 1' element d' aluminium par une couche d'oxyde 
d'aluininium active vis-a-vis des polymeres faisant partie inte- 
grante de la surface, la couche d'oxyde active vis-a-vis des 
polymeres etant de plus caracterisee par le fait qu'elle est con- 
ductrice de 1 'electricite. 
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RETOTDICAJIOKS 

1) Proc6d6 pour itnir xms matifere organique polymere genera- 
trice de films a un 616ment d'aliimiiiium, caracterise en ce qu'il 
consist a : 

. 5 - utilis r tux el^ nt d' aluminium dont une snrrace doit Stre re- 
vStue, 

- soumettre par p3i6nomene electrolytique cet ^l&aent 4 un traite- 
ment anodique dans un Electrolyte aquextx d'anodisation maintenu 
a une temperature pr^alablement dSteiminee pour f ouJmir des 

10 ions oxyg^ne a ladite surface et constituer une couclie d'oxyde 
d'Epaisseur d6termin6e, 

- poursuivre ce traitement anodique avec xme density de oourant 
pr^alablement d6termin6e pour former cette couche d'dxyde pen- 
dant une duree an mo Ins suffisante pour atteindre pratiquement 

15 I'^paifiseur limite de la couche determinee par la density de 
cotirant k la temperature pr^alablement determinee, 

I'Spaisseur de la couche limite etant determinee approxima- 
tivement a partir du rapport de la density de courant prealable- 
ment d^termin^e a la density de courant minlmale pour laquelle la 
20 coudie se forme et atteint une epaisseur limite correspondant k 
la temp&pature prSalabl^ent determinee, 

cette 6pai88euQ[? limite de la coucbe pour la density de cou-" 
rant pr^alablement determinee etant obtenue lore que pratiquement 
on obtient un 6quiiibre entre la Vitesse de formation et la Tit s- 
25 se de dissolution de la coucbe d'oxyde, ce qui forme xm oxyde 
actif vis-i-vis des polymSres k la surface de la coucbe, 

- puis appliquer une matifere organique polymSre generatrice de 
films, a la surface trait€e. 

2) ProcSdS selon la revendication 1, caracterise en ce que 
50 la densite de courailt dans la gamme de temperatures prealablement 

determinee est comprise entre une valeur minimale necessaire pour 
fomer la coucbe d*oxyde .et une densite de courant superieure 
correspondant k la formation de la coucbe d'oExyde ayaint une epai&> 
seur limite inf6rieure ou egale a environ 6,55 pm. 

55 5) Precede selon la revendication 2, caracterise en ce que 

la densite de courant superieure correspond II la formation d'xm 
coucbe d'oxyde ayant une epaisseur limite inferieure ou egale 
environ 2,5^ pn. 

4) Precede selon une quelconque des revendications 1 k 5, 

40 caracterise en ce que la densite de courant prealablement deter- 
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min^ pour la temp^ratxire pr^alablement determinee ©st comprise 
entre la density de coixrant minimale poxir laquelle jLL se forme 
line couche d»oxyde et tme densit.e de oourant supfirlmire inferieu- 
re ou ^gale a 57 fois la density de courant miiiimal:e- 
5 5) Procedg selon una quelconque des reveMications l a 4, 

caracterise en oe que l»616ment d» aluminium porte am depart une 
couche anodis6e gui est modifiee par dissolution au onoins par- • 
tielle pendant le trait ement, po\ir former un nxyde ss^lt vis-a- 
vis des polTmferes a sa stirface. 

10 6) Proc4d6 selon la revendication 5, caract&ris^fi ten ce que 

!• Electrolyte aqueux d'anodlsation est constiTfcu6 3)ar nne solution 
d'acide phosphorique, cliromique, sulfurique^ <oxaligiffi ^t leurs jae- 
langes et de cart)onates de m^taux alcalins* 

7) Proc6d$ selon une quelconque des revseaa^icatSjims 1 a 6^ 

15 caracterisE en ce que la matifere organique polymeM jgen^ratrice 
de films parmi les resines acryliques ,1^ Mines qxK;^, 

teifeines d^,les resines hydrocarbon^es a subsi±tutiDn ^logenee, 
les resines de polycarbonate, les r6sines de polyimid® et les 
resines de polyur ethane. 

20 8) Proc6d6 d* union d*une mati^re organique jpolym^e g6n6ra- 

trice de films sur un Element d*aluminium» caracterise en ce qu' 
il consiste : 

- utiliser un 6l6ment d' aluminium dont on desire .r HvBtl r une 
surface, 

25 - soumettre cet Element par plifinom&ne electrolytigite 3l un traite- 
ment anodique dans un Electrolyte aqueux d''<anodi3ffl3fcion renf er- 
mant 5 a 30 9^ en volume d'acide phosplioriqu^, mai2iJ?Hnu a une 
temperature prEalablement dSterminEe comprise dans Zlia gamme de 
18 6 79,5*0, pour apporter des ions oxyg&ne a la surface et ^ 

'30 former une couche d'oxyde d'Epaisseur dEtermlnEe", 

- poursuivre ce traitement anodique pour une densat^ dse tjoxirant 
prEalablement determinee, de fa9on & former laditB vconjclie d* 
oxyde pendant une durEe au moins suffisante pour attrfcexndre jttp- 
tiquement l^Epaisseur limite de cette coucbe dEtCTminEe par ia 

35 density de courant II la temperature, prfialablemecnt d^terminSe, 

I'^paisseur limite de cette couche 6tant determinee de faqpn 
approximative par le rapport de la. density de o oux^ t pr^alable- 
ment determinee k la densite de courant minimale pour laquelle ia 
coucbe d* oxyde se forme et atteint une epaisseur limite corres- 

40 pendant k la densite de coxirant minimale, 
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cette epaisseur limite de la couche povr la density de cou- 
rant pr^alablement determinee 6taiit obtenue lorsque I'on obtient 
pratiquement un ^qtiilibre entre la Vitesse de formation et la vi- 
tesse de dissolution de la couche d'oxyde, ce qui forme un o:cyde 
> actif vis-a-vis des polymdrea k sa surface, 
- puis appliguer une matiere organique polymere gen^ratrice de 
films k la surface traitee. 

9) Proc^6 selon la revendieation 8, caractSrise en ce que 
la density de courant pr^alablement determinee pour la gamme de 
10 temperatures prealablement determinee est comprise entre la denai- 
. te de couront minimale pour laquelle une coucbe d'oxyde ee forme 
et une density de courant superieure, inferieure ou egale k envi- 
ron 37 fois la densite de courant minimale. 

. I^ocede selon la revendication 9, oaractgrise en ce que 
15 la densite de courant prealablement deteiminee a la temperature 
prealablement determinee . est inferieure ou egale k environ ? fois 
la densite de courant minimale. 

11) Precede oontinu d'union d'une. mati6re de revStement 
polymere generatrice de film k un element d' aluminium comportant 
20 une couche superficielle adherente d'o^c^de d'aluminium, caracte- 
rise en ce qu'il consiste k : 

- mouiller en continu cet element, avec une- solution d' electrolyte 
capable d'eilmlner I'oxyde d» aluminium, 

- soumettre cet element alors qu'il est en contact avec I'electro- 
lyte k I'action d'un courant eiectrique dont la denaite super- 
ficielle est Buffisante pour eiiminer I'oxyde, 

- poursuivre le traitement de 1- element avec la densite de courant 
prealablement determinee, pour y former une. couche d'oxyde fra£- 
Che ayant une epaisseur determinee, pendant une duree au moins 

30 suffisante pour que 1' epaisseur de lafcouche atteigne pratique- 
ment la valeur limite. determines par la densite du courant la 
temperature prealablement determinee, 

la valeur de 1' epaisseur de la couche limite etant liee au 
rapport de la densite de courant prealablement determinee k la 
35 densite de courant minimale pour laquelle la couche d'oxyde com- 
mence ^ se former et attaint une valar liiEite correspondent a la 
densite de courant minimale, 

cette epaisseur limite de la couche pour la densite de cou- 
rant prealablement determinee etant atteinte lorsqu'on realise 
40 pratiquement un equilibre entre la vitesse de formation et la 
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Vitesse de dissolution de la couche d'oxyde avec formation d'un 
osyde actif vis-i-vis des polymeres a sa surface, 
- puis appliquer une matiere organique polymfere g6n4ratrice de 
film a la surface trait ee. 
5 12) Precede selon la revendication 11, caract6ris6 en ce que 

ladite density de courant pour la temperature pr^alatolement d^ter- 
mln^e est comprise entre une valeur minlmale necessaire pour for- 
mer la couche d'oxyde et une density de courant superieure corres- 
pondent a la formation de la couche d'oxyde ayant une ^paisseur 
10 limite inf^rieure ou ^gale a environ- 6,35 pi. 

13) Eroc6d6 selon la revendication 12, caractSrise en ce que 
la densite de courant superieure correspond a la formation d'une 
couche d'oxyde ayant une epaisseur limite inferieure ou egale a 
environ 2,5'<- pm. 

15 14) R?ocede selon la revendication 12, caracterise en ce que 

la density, de courant pr^alablement determin^e pour la temperatu- 
re prealablement determines est comprise entre la density de 
courant minlmale pour laquelle 11 se forme une couche d'oxyde et 
une densite de courant superieure inferieure ou egale a 3? fols 

20 la densite de courant minlmale. 

15) Precede selon una quelconque des revendications 11 a 14, 
caracterise en ce que 1' electrolyte aqueux d'anodisation est conl- 
tltue par une solution d'acide phosphorique , chromique, sulfurique 
oxalique et leurs melanges et de carbonates de metaux alcalins. 

25 16) Precede selon la revendication 15, caracterise en ce que 

1' electrolyte est une solution d'acide phosphorique a 5 a 30 % en 
volume et en ce qu«on maintient la solution a une temperature 
comprise entre 18 et 79, 5*0 . 

17) Precede selon la revendication 15, cara:oterise en ce que 

30 1' electrolyte est une solution d'acide sulfurique & 5 ^ 30 % en 

volume et en ce que la temperature est comprise entre environ 18 
et 79, 5^0 . 

18) Eroceae selon une quelconque des revendications 11 a 17, 
caracterise en ce que la matiere organique polymere generatrice 

35 de films est choisie parmi les resines acryllques, les resines 
epoxydes, les resines de silicone, les resines hydrocarbonees a 
substitution halogenee, les resines^ de polycarbonate, les resines 
de polyimide et les resines de polyurethane. 

19) Appareil pour le traitement superficiel eiectrochimique 
40 continu d'un element en aluminium metallique, caracterise en ce 



41 



2252421 



qu'il comporte m dispositif pour transporter en continu 
ment metalliqu dans une zon de traitement, un circuit hydrauli- 
que comportant une t§te d'iiumidification adjacente au m^tal tra- 
versant ladite zon et dirig6e de f agon general vers ce metal, 
5 ce circuit comportant de plus un dispositif pour, alimenter en 
continu la tSte avec 1' Electrolyte pour que 1' electrolyte soit 
distrituE sur l'61&ient m^tallique en mouvement, un dispositif d' 
alimentation 61ectrique comportant un dispositif pour r^aliser un 
couplage glectrique anodique avec 1' Element metallique et un rac- 

10 cord Electrique avec 1' Electrolyte du circuit hydraulique, de 
telle sorte que lorsqu»un courant d» Electrolyte s'Ecoule en con- 
tinu de la tSte au mEtal, il complete un circuit Electro cMmiqae. 

20) Appareil selon la revendication 19, caractErisE en ce 
que la tSte d»3iumidification est une tete a pulvErisation. 

15 21) Appareil selon la revendication 19, caractErisE en ce 

que le dispesitif de transport du metal comporte au moins un rou- 
leau dont une surface est en partie axposEe a Inaction de I'Elec- 
tro3^e liquide qui se rEpand aprSs avoir etE distril>uE par la 
tete sur la longueur du mEtal« 

20 22) Appareil selon la revendication 19 » caractErisE en ce 

qu'il comporte un collect eur pour recueillir 1» Electrolyte et n 
ce que le dispositif de transport est const ituE de cylindres 
supportant la longueur de mEtal mobile, partiellement immergEs 
dans 1* Electrolyte recueilli dans le collect eur. 

25 25) Appareil seion la revendication 22, caractErisE en ce 

que le collecteur comporte une evacuation comportant un disposi- 
tif pour limiter le dEbit d» Evacuation et maintenir le niveau d* 
Electrolyte dans le collectexu?» 

24) Appareil selon la revendication 23, caractErisE en ce 
30 qu»il comporte un dispositif pour recycler 1' Electrolyte du col- 
lecteur dans la tgte d'humidif ication. 

25) Appareil selon la revendication 24, caractErisE en ce 
que le dispositif de recyclage comporte vn rEservoir d» Electro- 
lyte* 

35 26) Appareil pour le traitement superficiel Electrochimique 

continu d"un ElEment en aluminium mEtallique, caractErisE en ce 
qu"il est constituE d'un dispositif de transport continu de V 
ElEment mEtalliqae dans une zone de traitement, d'uh circuit 
hydraulique coB^ortant une t8te d»iiumidification adjacente au 

40 mEtal traversant la zone et dirigEe de f a?on gEnErale vers ce 
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metal, ce circuit comport ant de plus un dispositif alimentant aa 
tSte en Electrolyte pour qu'elle le dlstribue sur I'^lgment metal- 
lique mobile, d*un collecteur plac6 en dessoiis de La tete d'humi- 
dification et de 1' Element mgtallique traversfant la :&one pour re- 
5 cueillir 1 ' electrolyte , d'un dispositif d' evacuation fonctioimant 
en association avec le collecteur et comportant un dispositif 
pour limiter le d^it d' Evacuation et rEgler le nLveau d* Electro- 
lyte dans le collecteur, d*un circuit de recyclago :rExinissant le 
dispositif d* evacuation du collecteur au dispositif ^u circuit 

10 hydraulique alimentant la tete d'hximidification poOT recycler 1« 
Electrolyte dans le circuit liydraulique , d'un rEs^ervoir d' Electro- 
lyte couplE au circuit de recyclage et comportant un dispositif 
de recyclage de 1' Electrolyte du rEservoir dans 1« ^circuit hydrau- 
lique, d'un dispositif d' alimentation Electrlque cunrpDrtant un 

15 contact Electrique avec I'elEment mEtalligue -et un raccord Elec- 
trique avec 1' Electrolyte du circuit Electrique, de sorte qu'en 
prEsence d»un courant continu d' Electrolyte Hpjporti 3l 1" Element 
mEtallique par la tete de mouillage, un circuit Electxdocliimique 
soit formE par I'intermediaire de ce courant- 

20 27) Appareil selon la revendication 26, ?car acteris e en ce 

que le rEservoir d* Electrolyte compoirte un disj)Osi7fc±f j)our cliauf- 
fer 1* Electrolyte et en ce que la tete d*humidiflca±±an comporte 
une sonde de temperature permettant de dEterndner Jubl ;fcempErat\ire 
de 1* Electrolyte dans la t§te de mouillage, cette stmde provo- 

25 quant la regulation du dispositif de cliauffage du areBervoir. 

28) Appareil selon la revendication 26, carajCt^erisE en ce 
que la tSte d'.humidif ication peut §tre rEglEe -vert±cal;ement par 
rapport a I'ElEment mEtallique traversant la zx>ne xle Ijraitement* 

29) Appareil selon la revendication 25, ©aractferiBE en ce 
30 que la tSte d'humidif ication est une tSte de pulv^iasation com- 
portant un fond plat percE de petits trous, la surfacte efficace 
des ouvertures du fond Etant telle qu'en f onctlon dia a.ebit d» 
Electrolyte apportE en continu, il se forme jiluaienrs courants 
continue d ' Electrolyte sur une surface apparentB fl« 3.-" element 

35 mEtallique* 

30) Appareil selon la revendication 29, caracterise en ce 
que la largeur de la tete de pulvErisation est st5)4ri^eure a 33. 
largeur de I'ElEment mEtallique qu'elle recouvre. 

31) Appareil selon la revendication 26, caract^SrisE en 

40 que la tSte d'humidification est constituEe dVau mo±ns un rouiesa 
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poreuac pouTant tourner, congu pour ailment er en electrolyte 1' 
616ment metallique mobile. 

32) Appareil selon la revendication 51, caracterise en ce 
qu'il comporte plusieurs rouleaux poreux entraln^s en synchronis- 
me aveo la vitesse d' alimentation de 1- Element metallique. 

33) Appareil selon la revendication 31, caracterise en ce 
que le rouleau poreux est presque en contact avec la surface 
apparente de 1' Element metallique. 

34) Appareil selon la revendication 51, caract^ris^ en ce 
qu'il comporte plusieurs rouleaux poreux espac^a , disposes au- 
dessus et au-dessous de la longueur metallique, presque en con- 
tact avec lea. surfaces sup^rieure et inf^rieure de l' Element md- 
tallique, ces rouleaux etant entralnes en synchronisme avec la 
Vitesse d' alimentation de 1' Element metallique. 

35) Article manufacture, caracterise en ce qu'iljest consti- 
tue d-un element d • aluminium revgtu de polymdre k la surface du- 
quel est fixee une matiSre organique polymere generatrice de 
films par 1 ■ intermediaire d-une couche d- oxyde d'aluminium active 
vls-&-vis du polym^re et faisant partie integrante de la surface 
cette couche d'ojqjrde etant de plus conductrice de 1' eiectricite. ' 

36) Article manufacture selon la revendication 35, caracte- 
rise en ce que la matiere organique polymere generatrice de film 
est chcisie parmi les resines acryliques, les resines epoxydes, 
les resines de silicone, les resines hydrocarbonees a substitu- 
tion halogenee, les resines de polycarbonate, les resines de 
polyimide et les resines de polyuretliane. 

37) Article manufacture selon la revendication 55 ou 36, 
caracterise en ce que la matiere organique polymere generatrice 
de film est un hydrocarbure A substitution halogenee. 

38) Article manufacture selon la revendication 37, caracte- 
rise en ce que I'hydrocarbure a substitution halogenee est le 
chlorure de vinylidene. 

39) Article manufacture selon la revendication 57, caracte- 
rise en ce que I'hydrocarbure a substitution halogenee est le 
polytetraf luoroethylene . 

40) Article manufacture- selon la revendication 35, caracte- 
rise en ce que la matiere hydrocarbonee polymere generatrice de 
films est une resine acrylique sous forme d'un copolymere d' 
acrylate de methyle et de aethacrylate de methyle. 
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